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PREFACE. 


I'HE design of this work is to afford to the student, 
the artisan, the mechanic, and in fact all who are 
interested in science, whether young or advanced in 
years, a ready means of acquiring a general knowledge of 
physics by the experimental method. One of its principal 
purposes is, also, to furnish to the teacher suggestions in 
experimentation, which will be helpful in making class- 
room work interesting anu arTraciive, rather than dry and 
monotonous. 

l^Iost of the appe/atus here illustrated and described 
may be constructed and used by any one having ordi- 
nary mechanical skill. Simple and easily made devices 
have been chosen for physical demonstration. 

With scarcely an exception the experiments described 
were performed at the time of writing, to insure fullness 
of detail, and to avoid inaccuracies. The reader can 
therefore be assured that by following the instructions, suc- 
cess will be certain. 

Mathematics has been almost entirely excluded. The 
few problems presented are capable of arithmetical solu- 
tion. The importance of mathematical knowledge in all 
branches of science is fully recognized, but the majority 
of students have little taste for the intricacies of numbers. 
Faraday was an illustrious example of a scientific man 
without great mathematical proclivities. ’ 
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PREFACE. 


The late Clerk Maxwell, one of the most eminent 
mathematicians and electricians of the present century, 
said : “ A few experiments performed by himself will give 
the student a more intelligent interest in the subject, and 
will give him a more lively faith in the exactness and 
uniformity of nature, and in the inaccuracy and uncertainty 
of our observations, than any reading of books, or even 
witnessing elaborate experiments performed by professed 
men of science.” 

A large proportion of the material of this work con- 
sists of original articles published from time to time in 
the Scientific American. These have been revised or re- 
written, with copious additions of text and engravings. 
Very few of the conventional illustrations of the text 
books ^ve been used. Most of the engravings are now 
for the first time given in book illustration. 

The leading principles of physics are here illustrated by 
simple and inexpensive experirhents. The endeavor has 
been to make the explanations of both apparatus and 
experiment plain and easily understood. 

If what is here written shall induce any who are now 
indifferent to the subject to begin the study of physics 
experimentally, so as to gain even a faint conception of 
the marvelous perfection of the physical world, or if any- 
thing in these pages proves helpful to those who instruct, 
or who seek scientific information, the end sought by the 
writer will have been gained. 


George M. Hopkins. 


New York, January, 1890. 



PREFACE TO EDITION OF 1898 . 


yHE seventeenth edition of Experimental Science con- 
tained an appendix including much new matter, but, 
in the four years which have elapsed since the publication 
of this edition, several startling physical discoveries have 
been made, among which arc the X-Ray and its phenom- 
ena, Wireless Telegraphy, the Liquefaction of Air, and 
Acetylene Gas. These have been included in the present 
edition. Besides these, a number of additional experiments 
are given, some of which are new and original. The book 
has been considerably enlarged by the additions, and it 
has been revised so that it is in accord with recent ideas 
of the subjects treated. 

The new matter added will prove acceptable to such as 
seek information on the more recent scientific discoveries. 

George M. Hopkins. 

September 7, 1898. 



PREFACE TO THE TWENTY-THIRD EDITION 


JN order to broaden the scope of this work, the author has 

relaxed the rather rigid rule heretofore adhered to, 
which called for the trial by himself of every piece of ap- 
paratus described in its pages, and has now availed himself 
of the experience of others. He is therefore able to present 
to the readers of the twenty-third edition, a full explanation 
of the Polyphase Generator, Induction Motors, and Rotary 
Transformers, also to give accurate information regarding 
the construction of modern direct current motors for no 
volts pressure. 

A full description of Edison’s New Storage Battery is 
introduced, also some interesting experiments by Prof. John 
Trowbridge, and some Electrical Measuring Apparatus by 
N. Monroe Hopkins. Wireless telegraphy is brought up 
to date, and other recent discoveries are noticed. 

The new edition, owing to the great amount of new 
matter, is published in two volumes. It presents the more 
recent developments in modern science, and gives inform- 
ation which assists the reader in comprehending the great 
scientific questions of the day. 

George M. Hopkins. 

New York, June, 1902. 
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CHAPTER r. 

PROPERTIES OF BODIES. 

Extension, impenetrability, divisibility, porosity, com- 
pressibility, elasticity, inertia, and gravity are general proper- 
ties common to all bodies, whether, solid, liquid, or gaseous, 
while some bodies possess specific" properties, such as solidity, 

fluidity, tenacity, malleability, cplqr, hardness. 

** ' 

EXTENSION AND IMPENETRABILITY. 

* » * . 

To all matter must be attributed two essential qualities; 
first, that in virtue of which it occupies space, and which is 


Fig. I. 



A Hatful of Cotton in a Tumblerful of Alcohol. 


known as extension, and, second, that which allows only one 
particle or atom of matter to occupy atgiven space — the 
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property known as impenetrability. That matter occupies 
space is appreciated by our senses, and needs no particular 
proof, but that two portions of matter cannot occupy the 
same space at the same time sometimes seems anomalous, as 
is shown by some of the following experiments. 

Into a tumbler filled with alcohol may be crowded a hat- 
ful of loose cotton without causing the alcohol to overflow.* 
The success of the experiment depends upon the slow intro- 
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diiction of the cotton, allowing the alcohol to invest the 
fibers, before they are fairly plunged beneath the surface 
of the alcohol. 

In this experiment the penetration of the alcohol is only 
apparent; the fibers displace some of the alcohol, but the 
quantity is so small as not to be observable. If the cotton 
were compressed to the smallest possible volume, it would 
be found to occupy but very little space. So small a body 

* See also chapter on projection. 
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would be incapable of raising the level of the alcohol enough 
to be appreciable by an ordinary observer. 

A more puzzling experiment consists in slowly intro- 
ducing some fine sugar into a tumblerful of warm water. A 
considerable quantity of sugar may be dissolved in the water 
without increasing its bulk appreciably. 

Here the physicist is forced to acknowledge that either 
the water is penetrated or its atoms are so disposed as to 
receive the sugar between them, possibly in the same way 
as a scuttle filled with coal might contain also a bucketful of 
sand. This latter view is adhered to. The atom or ultimate 
particle is held to be impenetrable. 

In the case of the mixture of water and alcohol, or water 


Fig. 3. 



Representing Volume of Unmixed 
Alcohol and Water, 


Fk;. 4. 



Reduction of Volume of Alcohol 
' and Water Mixture. 


and sulphuric acid, a curious phenomenon is presented. 
Take alcohol and water for example. Equal volumes of 
alcohol and water, when mixed, occupy less space than when 
separate. If the sum of the volumes of the two separate 
liquids is 100, the volume of the mixture will be only 94. In 
the case of the mixture of sulphuric acid and water, the dif- 
ference is greater. 

An easy way to perform this experiment is to fill a narrow- 
necked flask up to a line which may conveniently be marked 
by a rubber band around the neck, then removing one-half 
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of the water, measuring it exactly, and replacing it with a 
volume of alcohol exactly equal to that of the water removed. 
It will be found that when the liquids are mixed, the mixture 
will not fill the flask up to the original mark.* 

The only reasonable explanation of this phenomenon is 
that the molecules of the two liquids accommodate them- 
selves to each other in such a manner as to reduce the pores,, 
the volume of the mixture. 

DIVISIBILITY. 

The property of a body which admits of separating it 
into distinct parts, and which is known as divisibility, is pos- 
sessed by all matter. An example of extreme divisibility is 
found in the coloring of a pail of water with a minute particle 
of aniline. 

POROSITY. 

There are two kinds of pores, viz., physical or inter- 
molecular pores and sensible pores. In the case of the 
former, the interspaces are so small that the molecules are 
%vithin each other's influence and may attract or repel each 
other. Expansion by heat, contraction by reduction of tem- 
perature, and reduction of volume by compression are among 
examples of phenomena rendered possible by the existence 
of physical pores. 

Sensible pores are small cavities or spaces, across which 
molecular forces are unable to act. 

The experiment illustrated by Fig. 5 shows the existence 
of sensible pores. In the neck of an Argand chimney is in- 
serted a plug of Malacca wood, which is sealed around the 
periphery with wax or paraffine. In the top of the chimney 
is inserted a stopper, through which projects a short glass 
tube, having its upper end bent over or capped with a small 
test tube. To the outer end of the glass tube is applied a 
nibber tube. When the chimney is in an inverted position, 
as shown in the engraving, a quantity of mercury is placed 
in the larger part of the chimney, and the air is partly ex- 
hausted from the chimney, by applying the mouth to the 

* See also chapter on projection. 
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rubber tube and sucking. The mercury readily passes 
through the porous wood and falls in a shower. By employ- 
ing an air pump for producing the partial vacuum, the mer- 
cury may be drawn through a plug of pine. These experi- 
ments show in a striking manner the porosity in a longitudi- 
nal direction of these pieces of wood. 

Wood, vegetable, and animal tissues, sponge, pumice 
stone, and many other substances have sensible pores that 


Fig. 5. 



Mercurial Shower. 


may readily be seen. Physical pores cannot be seen even 
by the aid of the most powerful microscope; but their 
existence is proved by the fact that all bodies may be com- 
pressed or diminished in volume. 

Sensible pores play an important part in the operations 
of nature, especially in the vegetable and animal kingdoms. 

The property of porosity is utilized* in the arts, in the 
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filtration of liquids, in the absorption of liquids and gases, 
in electrolytic processes, in assaying, etc. 

COMPRESSIBILITY. 

The property by virtue of which a body may be dimi- 
niBhed i)a yolume, by pressure, without losing weight, is 
known as compressibility; This property is possessed in the 
greatest degree by gases, which may be reduced by com- 
Pl'e^on to from one-tenth to one-hundredth their original 
volume. 

The simplest piece of apparatus for showing the com- 
pression of a gas is a well-made toy popgun, such for ex- 
ample as that shown in Fig. 6. By closing the mouth of this 
gun by means of a piece of sheet metal or mica, and oiling 
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The Popgun used as a Pneumatic Syringe. 


the piston well with a heavy oil, to prevent the escape of air 
from the barrel, it may readily be shown that the air con- 
tained by the barrel may be greatly reduced in volume by 
simply pushing in the piston. 

ELASTICITY.* 

When a body resumes its original form or volume after 
distortion or compression, it possesses the property of elas- 
ticity, and is therefore known as' an elastic body. Elasticity 
may be shown by pressure, by bending, by torsion or twist- 
ing, or by tension or stretching. Gases and liquids are per- 
fectly elastic. When compressed and afterward allowed to 

* See also chapter on projection. 
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return to their original pressure, they are found to possess 
exactly their original volume. 

Among solids, glass is apparently perfectly elastic. A 
plate of glass bent under pressure and allowed to remain 
under stress for twenty-five years, when released and care- 
fully tested for any permanent set, was found . to have re- 
turned to exactly its original shape. Elasticity by flexure 
or bending is seen in various springs, such as carriage’ 
springs, gun-lock springs, etc. 

The elasticity of torsion is exhibited by door, springes of 
certain forms, spiral springs, and by twisted threads of cot- 
ton, linen, and other material. The elasticity of tension is 
shown in the strings of all stringed musical instruments, and 
notably in soft rubber in its various forms. 
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CHAPTER II. 

REST, MOTION, AND FORCE. 

A body is said to be at rest when its position is not being 
changed, but this statement needs some qualification, since 
any rest known to us is only relative. All bodies with which 
we are acquainted are continually changing their position 
either in relation to adjacent objects or along with adjacent 
objects relatively to distant objects. For example: a bowl- 
der is said to be at rest when it maintains its position relative 
to the earth’s surface, but since the earth itself is not at rest, 
it is evident that whatever is fixed on the face of the earth 
cannot be at rest. 

On the other hand, if the bowlder were rolling down a 
declivity, it would be changing its position relative to the 
earth’s surface as well as to all other objects, and would 
therefore be said to be in motion; but a body may be 
apparently in motion while in reality absolutely at rest. If we 
were to suppose a body projected from the earth into space 
with a velocity equal to that of the earth, but in a direction 
opposite that of tne earth’s motion and uninfluenced by 
heavenly bodies, the body, although having apparently a 
high velocity relative to the earth, would be absolutely at 
rest. 

INERTIA. 

No body is of itself able to change from a state of rest to 
a state of motion, neither can a body in motion change its 
direction or pass unaided to a state of rest. That which 
causes or tends to cause a body to pass from a state of rest 
to one of motion, or accelerates or retards the motion of a 
body, or changes its direction, is known as Force. The 
incapability of matter to change from rest to motion, or the 
reverse, is a negative property known as Inertia. 

To inertia is due the equalizing effect of flywheels ; when 
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set m iiioUon, Aey tend to maintain Jt^eir revolutson iii 
*op|)osition to considerable resistance. If sufficient foi’ce fe 
applied to the flywheel to counteract the resistance, a prac- 
tically equable motion is secured, _ even though the force 
applied be an intermittent one. 

The top is an example of persistent rotation due to 
inertia. To inertia is due the action of projectiles, hammers, 
drop-presses, also the hydraulic ram. 

. The property of inertia, the storage of power, the trans- 
fer of power by friction, and the conversion ol rotary into 
rectilinear motion are illustrated by the toylocomottve showi 
in the annexed engraving. The flywheel, A, is mounted o 
the shaft, B, which rests 
on the supporting and driv- 
ing wheels, C. The wheel, 

A, is spun by means of a 
string in the same manner 
as a top. By virtue of its 
inertia, the wheel, A, tends 
to continue its rotary mo- inertia Locomotive, 

tion. If unaffected by out- 
side influences, it would run on forever ; but the friction 
of its bearings and of the air and other causes combine to 
bring it to rest. 

The power imparted to and stored in the wheel. A, is 
given out in turning the wheels, C, overcoming friction, and 
propelling the machine forward. 

FRICTION, 

The resistance caused by the moving of one body in 
contact with another is known as friction. No perfectly 
smooth surface can be produced, all surfaces having minute 
projections or roughnesses, so that when the surfaces of any 
two bodies are moved in contact with each other, the pro- 
jections of one body engage the projections of the other 
body, thus offering resistance to the free motion of the 
bodies. When the surfaces are covered witn a lubricant, 
their inequalities are filled and smoothed over and the fric- 
tion is lessened. * 
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The friction developed by the sliding of one body upon 
another is known as “ sliding friction,” and the kind devel- 
oped by the rolling of a body upon another is “rolling 
friction.” Rolling friction absorbs much less power than 
sliding friction. Owing to this fact, the journals and steps 



of many kinds of machinery are provided with roller or bali 
bearings, thus substituting rolling for rubbing surfaces. An 
example of bearings of this kind is found in the pedals and 
shafts of bicycles and tricycles, which are provided with 
ball bearings. 
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CENTRIFUGAL FORCE. 

The normal path of any moving body is a straight line ; 
the body can be made to move in a curved path only by 
restraining it sufficiently to counteract its tendency to leave 
a circular path and move in a straight line. This tendency 
is called centrifugal force. When a body moving in a 
circular path is released, 
it does not fly off radial- 
ly, but on a line tangent 
to the circular path. The 
fact that a body travel- 
ing in a circular path, 
when released from all 
restraint, will move in a 
straight line, proves that 
the normal path of a mov- 
ing body is a straight 
line. The centrifugal rail- 
way represented in Fig. 

8 shows with what force 
a restrained body tends 
to fly from a circular 
path. 

This railway is made 
in the same manner as 
the swiftest descent ap- 
paratus described on an" 
other page. Two wires 
are bent into spiral loops 
around a cylinder, and 
the extremities are curv- 
ed upwardly as shown. 

The two curved wires are 
connected together by Railway. 

curved wire cross pieces fastened by soldering, and two wire 
feet are attached to complete the apparatus. No particular, 
rule is required for the construction of the centrifugal 
railway. The only precaution necessary is to see that the 
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height of the higher end of the railway is to the height of 
the circular part in a greater ratio than 5 to 4. 

, A ball started at the higher end of the railway follows 
the track to the opposite end, and at one point in its travel 
it is held by centrifugal force against the under side of the 
track in opposition to the force of gravit}'. 

In Fig. 9 another example of centrifugal action is exhi- 
bited by a spiral railway upon which a ball rolls down upon 
a track consisting of two rails arranged vertically one over 
the other. The track is formed of two wires bent spirally 
and connected by curved cross pieces, as in the case of the 
centrifugal railway already described. The upper convolu- 
tion of the spiral is twisted so that the ball may start on a 

horizontal track. During its descent 
on the twisted portion of the track, 
the ball acquires sufficient momentum 
to cause it to follow the vertical track, 
being held outwardly against the rails 
by centrifugal force. The descent of 
the ball is accelerated. The spiral 
railway represented in the engraving 
is two feet high, six inches in diameter, 
the rails being f inch apart. 

The effect of centrifugal force bn 
air is beautifully exhibited by the 
ordinary choral top. As the top 
spins, air, which enters the holes at 
the top, is discharged through the holes at the equator by 
centrifugal force. The air, in going through the top, passes 
through a series of reeds, setting them in vibration, pro- 
ducing agreeable musical sounds. 

The annexed engraving shows a very simple but effective 
device for exhibiting the effect of centrifugal force on liquids. 
It is a hollow glass top of spherical form, having a tubular 
stem, and a point on which to spin. 

These tops are filled with various liquids, some of them 
containing two or more. The one shown at Fig. 1 1 is filled 
partly with water and partly with air. When the top is 
spun, the water flies as far from the center as possible, leav- 


Fig. 10. 



The Choral Top. 
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ing in the center of the sphere an air space, which at first is 
almost perfectly cylindrical, but which gradually assumes 
the form of a parabola as the velocity of the top diminishes. 
At 2 is shown a top having a filling consisting of air, 



water, and a small quantity of mercury. The water acts as 
above described, and the mercury forms a bright band at 
the equator of the sphere. , 

At 3 is shown a top containing water and oil (kerosene). 
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The water, being the heavier liquid, takes the outside 
position, the oil forming a hollow cylinder with a core of 
air. 

The top, after being filled, is corked and sealed. It is 
spun by the hands alone or with a string and the ordinary 
handle. The diameter of the top is inches. It is made 
of considerable thickness, to give it the required weight and 
strength. 


A SCIENTIFIC TOP. 

Every street urchin can spin a top, and get an unending 
amount of amusement out of it ; but it would seriously puzzle 
the majority of “boys of larger growth” to satisfactorily 
explain all the phenomena of this simplest of toys. 

Why does it continue to revolve after being set in mo- 
tion? Why does its motion ever cease? Why does it so 
persistently maintain its plane of rotation? When its axis 
is inclined to the vertical, why does it revolve slowly around 
a new axis while turning rapidly upon its own axis ? And 
when so inclined, why does it gradually right itself until it 
rotates in a horizontal plane ? Why does it not revolve pro- 
portionatel}^ longer when its speed is increased ? These and 
many other questions arise when we begin the examination 
of the action of the top. They have all been answered so 
far as it is possible to answer them, still it is difficult to 
reach far beyond the mere knowledge of the actions them- 
selves. 

The top has already risen to some importance as a scien- 
tific toy, but it is worthy of being elevated to the dignity of 
a truly scientific instrument. To give it that eminence, 
three things are necessary ; first, a considerable weight, and 
in consequence of this an easy and effective method of spin- 
ning, and finally it requires a good bearing, having a mini- 
mum of friction. 

The top illustrated has these three requisities. It weighs 
3^ pounds, and its weight might be increased somewhat 
with advantage. It has a frictional spinning device by which 
a velocity of 3,000 revolutions per minute may readily be 
attained. It is provided with a hardened steel pivot which 
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turns on an agate or steel step.* tt is almost perfectly 
balanced, and the friction of its bearing is very slight. 
When unencumbered, it will run for over 42 minutes in the 
open air with once spinning, and its motion may at any 
time be accelerated without stopping, by a new application 
of the friction wheel. 

The brass body of the top is 6 inches in diameter, and 
inch thick in the rim. Its steel gpindlc is f inch in dia- 
meter and has a tapering longitudinal hole which is inch 
in diameter at its larger end. To this tapering hole is fitted 
the tapered end of a rod supporting the stud on which the 
friction driving wheel turns. The iipper end of the rod is 
provided with a handle, and to the boss of the friction wheel 
is secured a crank. 

A sleeve fixed to the spindle of the top is furnished with 
an elastic rubber covering which is engaged by the beveled 
surface of the driving wheel. After im[)arting the desired 
speed to the top, by turning the. driving wheel, the wheel 
and the rod by which it is supported may be withdrawn 
from the top, without interfering in any way with its action. 

A large number of interesting experiments ma^’^ be per 
formed by means of a top of this character. * Most demon- 
strations possible with the whirling table may be adapted 
to this top, and, besides, many phenomena peculiar to the 
top itself may be exhibited. A few of the more striking 
experiments are illustrated. 

By suddenly pressing upon one side of the' top with a 
small rubber-covered wheel, as shown in B’ig. 2 (Plate 11 .), 
it will be found impossible to change its plane of rotation 
by the application of any ordinary amount of force. In fact, 
the side of the top to which the pressure is applied will rise' 
rather than yield to the pressure. 

By placing the step of the top on an elevated support, 
such as a tumbler, as shown in Fig. 3 (Plate II.), and gently 
pressing against one side .of the spindle, the axis of the top 
will be gradually inclined, and a gyroscopic action will be 

^ An agate mortar of the smallest size, about inches in diameter, mounted 
in a wooden base^ forms a very good step; but a steel disk, having a concave 
upper surface, and made as hard as possible, is preferable. 
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set iip. The top will swing around with a very slow, 
majestic movement, traveling six or eight turns per minute 
around a vertical axis while revolving rapidly on its own 
axis, and it will slowly regain its original position. 

As the peripheral speed of the top is almost a mile a 
minute, a little caution is necessary in handling it while in 
rapid motion, as any treatment that will cause it to leave its 
bearings will be sure to result in havoc among the surround- 
ings, besides being liable to injure the operator. 

Several methods of showing centrifugal action are illus- 
trated, the simplest being that shown in Fig. 4 (Plate II.) 
A small Japanese umbrella, about 20 inches in diameter, is 
arranged to be rotated by the top, by applying to its staff a 
tube whicH fits over the spindle of the top. In this, as well 
as the other experiments, the top is set in motion before the 
object to be revolved is applied. The tube attached to the 
umbrella having been placed on the revolving spindle, the 
arms are thrown up by centrifugal action, thus .spreading 
the umbrella.* . 

Fig. 5 (Plate II.) shows a ring formed of two pieces of 
heavy rubber tubing secured to two metallic sleeves fitted 
to a rod adapted to the tapering hole of the top spindle. 
The lower sleeve is fixed, and the upper one is free to slide 
up or down on the rod. Normally, the rubber forms a ring, 
as shown in dotted lines, but, when rotatedj the centrifugal 
force reduces it to a flat ellipse. A similar experiment, in 
which two elastic rings are secured on opposite sides of the 
rod, is shown in Fig. 6 (Plate. II.); the rings being circular 
when stationary and elliptical when revolved. 

In Fig. 7 is shown a device for illustrating the formation 
0.1 an oblate spheroid. A tube, closed at the lower end and 
fitted to the hole in the top spindle, is provided near its 
lower end with a fixed collar and a screw collar, between 
which the lower wall of a hollow flexible rubber sphere is 
clamped. The upper wall of the sphere is clamped in a 
similar way between collars on a sleeve arranged to slide on 
the tube. The tube is perforated above the lower pair of 
collars to admit of filling the hollow ball with water. When 
the ball is filled or partly filled with water,' and rotated, it 
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becomes flattened at the poles and increases in diameter at 
the equator, perfectly illustrating the manner in which the 
earth received its present form. 

The glass water globe represented in motion in Fig. 8 
exhibits a cylindrical air space extending through it parallel 
with the axis of rotation, the water having been carried as 
far as possible from the center of rotation by centrifugal 
action. 

When the speed of the globe is reduced, gravity asserts 
itself and the air space assumes a parabolic form, as shown 
in Fig. 9 (Plate II.) 

In the globe represented in Fig. lo the filling consists 
of water and mercury. The rotation of the globe causes the 
mercury to arrange itself in the form of a narrow band at 
the equator of the globe. 

Fig. II shows a globe filled with air, oil, and water, 
which, when the globe is revolved, arrange themselves in 
the order named, beginning at the center of the globe.* 

A Hero’s fountain, operated by centrifugal force instead 
of gravity, is shown in Fig. 12 (Plate II.) The metallic 
vessel contains three concentric compartments. The jet 
tube extends downward into the central compartment and 
is bent laterally, so that it nearly touches the wall of the 
compartment. The intermediate compartment communi- 
cates with the outer compartment, and the outer and central 
compartments are connected by an air duct. The central 
and intermediate compartments are filled with water, and 
as the vessel is revolved the water in the intermediate com- 
partment is carried by centrifugal action into the outer 
compartment, and, compressing the air contained in that 
compartment, drives it through the air duct, with a force 
due to the centrifugal action, into the central compartment, 
where it exerts a pressure on the water sufficient to cause it 
to be discharged through the jet. 

* See also chapter on projection. 
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CHAPTER HI. 

THE GYROSCOPE. 

This instrument has always been a puzzle to physicists. 
Its phenomena seems to be incapable of explanation in a 
popular way. In view of the complicated nature of the cal- 
culations involved, no attempt will here be made to explain 
the action of the gyroscope mathe- 
matically,* the object of the present 
article being merely to describe a 
few modifications of the instru- 
ment and to mention peculiarities 
noticed in the performance of some 
of these modified forms. 

The difficulty of securing a high 
speed in a large gyroscope led to 
the application of a friction driv- 
ing device, as shown in Figs. 13 
and 13^7, by means of which an 
initial velocity of from 4,500 to 5,000 revolutions per minute 
may readily be attained. 

, The instrument, after being set in motion, behaves like 
other gyroscopes not provided with means for maintaining 
the rotary motion of the wheel, but its size and the 
facility with which it ma}" be operated render it very satis- 
factory. 

The gyroscope wheel is 6 inches in diameter, | inch thick, 
and, together with its shaft, weighs 3I pounds. The annular 
frame weighs i| pounds. So that 5} pounds must be sus- 
tained by gyroscopic action when the counterbalance is not 
applied. 

The driving wheel is 7I inches in diameter. Its face is 

* For a mathematical explanation see “ Rotary ]\^tion as applied to the 
Gyroscope.” by Gen. J. G. Barnard. 


Fig. 12. 



Toy Gyroscope. 
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f inch wide. Its shaft is journaled in an arm pivoted to the 
base, with its free end adapted to enter a recess in the edge 
of the annular frame, for supporting the gyroscopic wheel 
while motion is being imparted to it. Upon the shaft of the 



gyroscope wheel is secured a soft rubber tube having an 
external diameter of nine-sixteenths inch. This shaft makes 
1 3’84 revolutions to one turn of the drive wheel, so that 
when the drive wheel is turned six times ner second, the 


Gvro‘5rnnp with Friction Driving Gear. 
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gyroscope wheel will make very nearly 5,000 turns per min- 
ute (4,982). ^ 

This gyroscope may be arranged as a Bohnenbergef 
apparatus by removing the tall standard and attaching the 
shorter one to the center of the base by means of a bolt. 
The annular frame of the instrument is suspended on pivotal 
screws in the extremities of the semicircular support, which 
is capable of turning on the upper end of the short standard. 
In the engraving the short standard, together with the semi- 
circular support, is shown lying on the table. The usual 
counterbalance is also shown lying on the table. Fig. .13 
shows the drive wheel in position for imparting motion to 
the gyroscopic wheel, and Fig. i shows the driving wheel 
withdrawn and the gyroscope in action. 

As this instrument does not differ from the ordinary one, 
ex'cept in the application of the driving mechanism, it will 
be unnecessary to go into particulars regarding its perform- 
ance. 

In Figs. 14, 15, and 16 are shown pneumatic gyroscopes, 
and Fig. 17 represents a steam gyroscope. 

The pneumatic gyroscope shown in Fig. 14 consists of a 
heavy wheel provided with flat arms arranged diagonally, 
like the vanes of a windmill. The wheel is pivoted on 
delicate points in an annular frame having an arm pivoted 
in a fork at the top of the vertical support. The arm of the 
annular frame carries a tube, which terminates near the 
vanes of the wheel in an air nozzle which is directed toward 
the vanes at the proper angle for securing the highest velo- 
city. The opposite end of the tube is prolonged beyond the 
pivot of the frame. 

The support of the annular frame, shown in vertical sec- 
tion in Fig. 15, consists of an inner and outer tube, the inner 
tube having a closed upper end terminating in a pivotal 
point. The lower end of this tube communicates with the 
horizontal tube, through which air is supplied to the ma- 
chine. 

A sleeve, closed at its upper end and carrying the fork 
in which the arm of the annular frame is pivoted, is inserted 
in the space between the inner and oifter tubes, and turns 
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on the pointed end of the inner tube. The inner tube is 
perforated near its pointed end, to permit of the escape of 
air to the interior of the sleeve, and the lower end of the 
sleeve is sealed by a quantity of mercqry contained by the 
space between the inner and outer tubes. The air pipe par- 
ried by the annular frame communicates with the upper end 
of the sleeve by a 'flexible tube. When air under pressure 
passes through the inner pointed tube, through the sleeve, 
and through the air nozzle, and is projected against the 
vanes of the wheel, the wheel rotates with great rapidity, 
and the gyroscope behaves in all respects like the electrical 
gyroscope referred to. 

The gyroscope shown in Fig. 16 is adapted to the stand- 
ard just described, but the heavy wheel is replaced by a 
very light paper ball, whose rotation is maintained by two 
tangential air jets, Avhich play upon it on diametrically 
opposite sides, and nearly oppose each other, so far as their 
action on the surrounding air is concerned. The rotary 
motion is produced solely by the friction of the air on the 
surface of the ball. The upwardly turned nozzle is arranged 
to deliver an air blast which is a little stronger than that of 
the lower nozzle, so that a slight reactionary force is secured, 
which assists the gyroscope in its movement around the 
vertical pivot sufficiently to cause the ball to maintain its 
horizontal plane of rotation continuously. In fact, this 
gyroscope will start from the position of rest, raise itself in 
a spiral course into a horizontal plane, and afterward con- 
tinue to rotate in the same plane so long as air under pres- 
sure is supplied. 

It may be questioned Avhether this machine is a true 
gyroscope. However this may be, it is certain that the 
reactionary power of the stronger air jet is of itself insuffi- 
cient to produce the motion about the vertical pivot ; neither 
is there a sufficient vacuum at the top of the ball to produce 
any appreciable lifting effect. 

The steam gyroscope shown in Fig. 17 hardly needs 
explanation. It differs from all the others in generating its 
own power within its moving parts. The boiler is support- 
ed by trunnions resting in a fork arranged to turn on a fine 
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vertical pivot. The engine is attached to the boiler, so that 
both engine and boiler swing on the trunnions in a vertical 
plane. The wheel of the engine is made disproportionately 
large and heavy, to secure the best gyroscopic action. 

The performance of the steam gyroscope is like that of 

Fk;. i6. 



Pneumatic Gyroscope having Continuous Action. 

the other power-propelled gyroscopes, and needs only a 
reactionary jet of steam or some other slight force to keep 
up the rotation around the vertical pivot, and thus render 
the action of the instrument continuous. 

AN ELECTRICAL GYROSCOPE. 

To render the operation of the gyroscope as nearly con- 




Steam Gyroscope, 
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tinuous as possible, so that its movements may be more 
thoroughly studied, electricity has been applied as a motive 
agent. 

The gyroscope illustrated in Plate I. (frontispiece) and 
in Fig. 1 8 has a weighted base piece, from which projects 
a pointed standard that supports the moving parts of the 
instrument. The frame, of which the electro-magnets form 
a part, has an arm in which is fastened an insulated cup, that 
rests upon the point of the standard. One terminal of the 
magnet coil is connected with this cup, and the other ter- 
minal is connected with the yoke connecting the cores of 
the two magnets. 

To the top of the yoke is secured a hard rubber insula- 
tor, which supports a current-breaking spring arranged to 
touch a small cylinder on the wheel spindle twice during 
each revolution of the wheel. 

The wheel, whose plane of rotation is at right angles 
with the magnet cores, carries a soft iron armature, which 
turns very near the face of the magnet, but does not touch 
it. The armature is arranged in such relation to the contact 
surface of the current-breaking cylinder that twice during 
each revolution, as the armature nears the magnet cores, it 
is attracted, but immediately the armature comes directly 
opposite the face of the magnet cores, the current is broken, 
and the acquired momentum is sufficient to carry the wheel 
forward until the armature is again within the influence of 
the magnet. 

The current-breaking spring is connected with a fine 
copper wire, that extends backward as far as the pointed 
standard, and is coiled several times to render it very flexi- 
ble, and is finally bent downward so as to dip in mercury 
contained in an annular vulcanite cup placed on the pointed 
standard near the base piece. 

The base piece is provided with two binding posts for 
receiving the battery wires. One of the binding posts is 
connected with the pointed standard, and the other commu- 
nicates by a small wire with the mercury in the vulcanite 
cup. 

The wheel, magnet, and parts connected therewith are 
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free to move in any direction on the point of the stand- 
ard. When two large or four small Bunsen cells are con- 
nected with the gyroscope, the wheel revolves with enor- 
mous velocity, and upon letting the magnet go (an opera- 
tion requiring some dexterity), the wheel sustains not only 
itself, but also the magnet and other' parts between it 
and the point of the standard, in opposition to gravity. 


Fig. 18. 



Electrical Gyroscope. 


The wheel, besides rotating rapidly on its axis, sets up a 
slow rotation about the pointed standard in the direction in 
which the under side of the wheel is moving. 

By attaching the arm and counterbalance shown in the 
engraving, so as to exactly balance the wheel and magnets 
on the pointed standard, the whole remains stationary. By 
overbalancing the wheel and magnets, the rotation of the ap- 
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paratus around the standard is in an opposite direction, or 
in the direction in which the top of the wheel is turning. 

This gyroscope illustrates the persistency of a rotating 
body in maintaining its plane of rotation. It also exhibits 
the. result of the combined action of two forces tending to 
produce rotations about two separate axes lying in the same 
plane, one force being gravity. 

The rotation of the wheel upon its axis, produced in this 
instance by the electro-magnet, and the tendency of the 
wheel to fall, or rotate in a vertical plane about a second 
horizontal axis at right angles to the first, results in a ten- 
dency to continually rotate about a new horizontal axib 
intermediate between the two. The continual adaptation to 
this new axis implies rotation of the whole mass additionally 
around a vertical axis which is coincident with that of the 
pointed standard. 

ELECTRICAL GYROSCOPE FOR SHOWING THE ROTATION OF 

THE EARTH. 

Although the apparent displacement of the plane of 
vibration of the pendulum had long been noticed, it was not 
until the year 1852 that the fact was coupled with the diur- 
nal rotation of the earth. In September of that year M. 
Foucault, the distinguished French physicist, suspended a 
ball, by means of a fine wire, from the dome of the Pantheon 
at Paris, and for the first time in the history of the world 
made visible the rotation of the earth. The pendulum thus 
formed, after receiving an impulse, vibrated for many hours, 
and preserved its plane of vibration while the earth slowly 
turned under it. This splendid experiment was subsequently 
repeated at the Capitol at Washington, and at other places. 

Soon after the pendulum experiment, Foucault, to illus- 
trate the same thing, constructed a gyroscope which was a 
modification of Bohnenberger’s machine. This gyroscope 
received a rotating impulse from the hand of the operator, 
and the momentum of the disk was depended on to continue 
the rotation for a sufficient length of time to exhibit the 
movement of the earth. 



Gyroscope for showing the Earth’s Rotation. 
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To furnish a more practicable means of making visible 
the diurnal movement of the earth, the action of the gyro- 
scope is made continuous by applying electricity as a pro- 
pelling power. 

In Fig. 19 (which represents the machine arranged lor 
the purpose named) the rectangular frame which contains 
the wheel is supported by a fine and very hard steel point, 
which rests upon an agate step in the bottom of a small 
iron cup at the end of the arm supported by the standard. 

The wheel spindle turns on carefully made steel points. 
Upon the spindle are placed two cams — one at each end — 
which operate the current-breaking springs. 

The horizontal sides of the frame arc of brass, and the 
vertical sides are iron. To the vertical sides arc attached 
the cores of the electro-magnets, and the wheel is provided 
with two armatures — one on each side — which are ar- 
ranged at right angles to each other. The two magnets 
are oppositely arranged in respect to polarity, to render the 
instrument astatic. 

An insulated stud projects from the middle of the lower 
end of the frame to receive an index that extends nearly to 
the periphery of the circular base piece and moves over a 
graduated semicircular scale. An iron point projects from 
the insulated stud into a mercury cup in the center of the 
base piece, and is in electrical communication with the pla- 
tinum-pointed screws of the current breakers. The current- 
breaking springs are connected with the terminals of the 
magnet wires, and the magnets are in electrical communi- 
cation with the wheel-supporting frame. 

One of the binding posts is connected by a wire with the 
mercury in the cup, and the other is connected with the 
standard. A drop of mercury is placed in the cup that 
contains the agate step, to form an electrical connection 
between the iron cup ajid the pointed screw. The instru- 
ment is covered with a glass shade to exclude air currents, 
and the base piece is provided with leveling screws. 

The current breaker is contrived to make and break the 
current at the proper instant, so that the full effect of the 
magnets is realized, and when the binding posts are con- 
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nected with four or six Bunsen cells, the wheel rotates at a 
high velocity. 

The wheel will maintain its plane of rotation, and when 
it is brought into the plane of the meridian, the index will 
appear to move toward the right of a person facing north- 
ward with the index pointing northward in front of him. 
To a person in New York, therefore, the index seems to 
turn toward the east. To a person at the north pole, where 


Fig. 20. 



Electrical Gyroscope. 


north is up and east is left, the hourly deviation is 15° 
rightward, or westward. At the equator there is, of course, 
no deviation. 

It makes no difference whether the index points north- 
ward or southward, its apparent motion is always toward the 
right, thus affording visible evidence that the earth rotates. 

The instrument thus described may be easily modified. 
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SO as to illustrate other interesting phenomena of rotary 
motion. 

By removing the index and point from the insulated stud 
at the lower part of the frame and unscrewing the support- 
ing piece from the top of the frame, the frame may be sus- 
pended in a horizontal position upon pointed screws in a 
fork which is supported upon a vertical pivot, as shown in 
Fig. 20. 

The pointed screw entering the insulated stud is itself 
insulated, and communicates, by an insulated wire, with 
mercury contained in an annular vulcanite cup on the fork- 
supporting pivot. One of the binding posts is connected 
with the pivot of the fork and the other communicates with 
the mercury in the vulcanite cup. 

When the instrument is connected with a battery, the 
wheel revolves rapidly, and if undisturbed will remain in 
the position in which it was started. If a small weight, 
such as a key, be hung upon one of the pivot screws of the 
wheel spindle, the frame containing the wheel does not turn 
quickly on its pivots, as might be expected, or as it would 
if the wheel were not revolving, but the entire apparatus 
immediately begins to revolve slowly on the vertical pivot, 
while the weighted side of the frame descends almost im- 
perceptibly. Transfer the weight to the opposite pivot, and 
while the wheel still revolves in the same direction, the ap- 
paratus will turn on the vertical pivot in the opposite 
direction. 

By removing the weight from the pivot screw and turn- 
ing the apparatus on the vertical pivot, the converse of what 
has just been described will result ; that is, the wheel besides 
revolving on its own axis will turn in a plane at right angles 
to its plane of rotation. 

If the apparatus be turned on the vertical pivot in the 
opposite direction, the rotation of the wheel on its new axis 
will be reversed, and by oscillating the apparatus on the 
vertical pivot the wheel and frame will revolve rapidly on 
the pointed screws that support the frame. 

The law controlling these movements is as follows : 
“ Where a body is acted upon by two systems of forces, 
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tending to produce rotations about two separate axes lyin^ 

in the same plane, the resultant motion will be rotation abou 

a new axis situated in the same plane between the direction! 

of the other two.” 

« • 

By means of this continuously operating gyroscope Dr 
Magnus’ experiments showing some of the causes of devia 
tion of projectiles may be exhibited. 

• EQUATORIAI.LY MOUNTED ELECTRICAL INDICATOR. 

In Fig. 21 a gyroscope is shown which is suspended wit! 
the axis of the wheel-supporting frame, C, at right angle! 

Frr. 9T 



Electrical Indicator, 


to the plane of the equator and parallel with the polar axis 
of the earth. The frame, C, is suspended by silk threads 
from studs that project from the beam, A. Two vulcanite 
mercury cups are supported by the beam, B, in position tr 
make an electrical connection with the disks on the axes oj 
the frame, C. These cups arc connected by a spirally coileo 
wire with the binding posts that receive the battery wires. 
The beams. A, B, are connected by rods, so that when it is 
desired to adjust the instrument, the parts will maintain 
their proper relation. ^ 
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Upon one of the axes of the frame, C, there is an index 
that moves in front of the scale of degrees. Upon the other 
axis there is a small mirror, D, for receiving a beam of light 
and projecting it on a screen. By this arrangement a very 
long index is secured without additional weight. 

The instrument as represented in the engraving is au 
justed for the equator. In New Vork the axis of the 
wheel-supporting frame would have to be adjusted at an 
angle of 40^ 41' with the horizon. 

The instrument shown in the engraving should, when 
the axis of the frame, C, is adjusted equatorially, indicate 
15'' motion per hour in any latitude. 

The arrangement of the wheel, the commutator, and con- 
nections is substantially the same in this instrument as in 
the one previously described. 

BURSTING OF FLY-WHEELS BY GYROSCOPIC ACTION. 

The'theory of the bursting of fly-wheels, which has been 
accepted in the majority of cases, is that the centrifugal 
force due to a high velocity overcomes the cohesion of 
the particles of the material of which the wheel is com- 
posed. 

Of course this explanation is entirely inadequate when 
applied to a wheel whose strength is sufficient to resist any 
tendency to fly to pieces from purely centrifugal force 
under the conditions of its use ; but of the fact that such 
wheels burst no evidence is needed, and some cause other 
than centrifugal force must be assigned for the bursting. 

Supposing the fly-wheel to be perfectly balanced and 
without defects in material or design, it may be driven with- 
out danger at any velocity usually considered within the 
limit of safety, so long as it continues to rotate in a plane 
at right angles to its geometrical axis. And it may be 
moved in the plane of its rotation or at right angles to it, 
that is, in the direction of the length of the shaft, without 
creating any more internal disturbance than would result 
from moving it in the same way while at rest. But when a 
force tending to produce rotation at right angles to the 
plane of the wheel’s rotation is applied, the effect will be 
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vastly different, and the result will be a tendency to rotate 
about a new axis between the other two, and the centrifugal 
strain upon the wheel is supplemented by a twisting strain, 
which is an important but generally unnoticed factor in the 
destructive action. 

To bring this idea to a practical application, the shaft 
and fly-wheel of a high-speed engine may be taken as an 
example. Let the wheel be correctly designed, well made, 
and well balanced, and if its shaft is properly lined and sup- 
ported in rigid journal boxes, the wheel will perform its 
office without danger of bursting; but support the same 
wheel and .shaft upon weak plummer blocks, and allow one 
or both of its journals to move laterally at every stroke ot 
the engine, or even less frequently, and a disturbing element 
will have been introduced which will strain the wheel later- 
ally, and which, together with centrifugal force, Avill effect 
molecular changes in the structure of the iron, and the 
result will be that if the wheel is not immediately broken it 
finally becomes weakened, so that it will yield to the forces 
that tend to destroy it. 

Any wheel who.se axis is swung in a plane at right angles 
to its plane of rotation, either occasionally and irregularly 
or frequently and regularly, tends to turn laterally on an 
axis between that of the normal rotation and that of the 
extraneous disturbing force. This tendency exists in ordi- 
nary wheels, although not visible The engraving shows a 
flexible wheel, which clearly exhibits the effects of these 
disturbing forces. The rim is of rubber, the spokes of 
spring wire, and when the wheel is revolved very rapidly 
and moved in a plane parallel with its plane of rotation, no 
disturbance results, and no effect is produced by moving 
it at right angles to its plane of rotation ; but when the 
wheel is turned even slightly on an axis at right angles to 
its geometrical axis by swinging the shaft laterally, the rim, 
while preserving its circular form, inclines to the plane of 
the rotation of its shaft, bending the spokes into a concave 
form on one side of the hub and convex on the other, show- 
ing the effects of the disturbing force on the figure of the 
wheel, as in Fig. 23. 
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When the disturbing force is rhythmical, lateral vibra- 
tions and wave motions are set up in the rim, which are 
out of all proportion to the extraneous force applied. 

From this experiment it is evident that the lateral swing- 
ing of the shaft of a fly-wheel (for instance when its journal 
boxes are loose, or when the frame of the machine of which 
the fly-wheel forms a part is yielding) tends to weaken the 
wheel even when the lateral movement is slight ; and where 
it is great, as when the shaft is broken, the twisting effect is 
correspondingly great, and the wheel or its support must 
yield. 

No rotating machines arc more subject to bursting than 
grindstones, and generally no rotating bodies of equal weight 
arc mounted upon such small shafts or on such weak sup- 
ports. The suspended ones are especially liable to the 
destructive action above described, as their frames are 
generally far too weak. 

Fig. 24 illustrates the effect of a lateral blow on the rim 
of a fly-wheel. Of course the effect is much exaggerated in 
the flexible wheel, but it shows the form taken by the rim 
under a blow, the blow producing a much greater effect on 
the wheel while in motion than when at rest. 
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CHAPTER IV. 

FALLINC 150DIES — INCLINED PLANE — THE PENDULUM. 

“ In a vacuum all bodies fall with equal rapidity.” This 
is the first law of fallinj^ bodies. The well knoAvn guinea 
and feather experiment is a demonstration of this law. The 

Fig 25. 



Effect of the Resistance of Air on Falling Bodies. 


heavy body and the light one being dropped simulta- 
neously in a tube deprived 6f air, reach the bottom at the 
same instant. 

The converse of this experiment is illustrated in Fig. 25. 
In this case the retardation caused by the re.sistancc of the 
air is clearly shown. A bunch of very loose cotton wool is 
attached to a small piece, A, of tin foil, and the cotton thus 
arranged is dropped simultaneously with the lead bullet, B. 
As would be expected, the bullet reaches the ground in 
about half the time required for the descent of the cotton. 
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By rolling the cotton into a compact ball and inclosing 
it in the tinfoil, the surface exposed to the air will be very 
much diminished, and when the experiment is repeated 
with the cotton thus diminished in bulk, it is found that the 
two bodies fall with nearly equal rapidity. 

The water hammer shown in Fig. 26 demonstrates that 
in a vacuum liquids fall like solids, without being broken up 
or divided. The water hammer consists of a glass tube 
half filled with water, which is boiled to expel the air, 
the tube being afterward sealed. 

When the tube is inverted, the 
water falls in a body, striking 
the opposite end of the tube, 
producing a sharp clink. 

SWIFTKST DESCENT APPARATUS. 

The descent of a falling body 
along an inclined plane is gov- 
erned by the same law that con- 
trols the fall of free, unimpeded 
bodies, 1 . r., ‘‘ the spaces traversed 
arc proportional to the squares of 
the times of descent.” The law 
docs not apply to the descent of 
a body along any curved path. 

A body descending a concave 
path will be accelerated most at 
the beginning of its fall. A 
body descending a convex path 
will start slowly, and will be in- 
creasingly accelerated as it approaches the end of its travel. 

Three cases are here considered ; First, that of a body 
rolling down an inclined plane ; second, that of a body de- 
scending a concave circular curve ; and third, that of a body 
descending a cycloidal curve. In the case of the inclined 
plane, if the body falls two feet in one second, it will fall 
eight feet in two seconds, eighteen feet in three seconds, 
and so on. In the case of the concave circular curve, the 
fall of the body will be accelerated rapidly at the start; and 


Fig. 26. 



Water Hammer. 
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the body will reach the point of stopping quicker than the 
body on the inclined plane, although it travels over a longer 
distance. In the case of the cycloidal curve, the body ac- 
quires a high velocity at once, as its path at the beginning 



is practically vertical. This curve has been called the curve 
of swiftest descent, as a falling body passes over it from the 
point of starting to the point of stopping in less time than 
upon any other path, excepting, of course, the vertical. 

The cycloid has another property, in virtue of which it 
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has been called the isochronal curve. A body will roll 
down this curve from any point in its length to the point of 
stopping in exactly the same time, no matter where it is 
started. For example, if it requires a second of time for a 
ball to roll from the upper to the lower end of the curve, it 
will also take one second for a ball to roll from the center 
of the curve to its lower end. 

Apparatus for illustrating these principles is shown in 
Fig. 27. It does not differ much from the ordinary appara- 
tus used for the same purpose. It is, however, made en- 
tirely of wire, and is arranged to fold, so that it occupies 
little space when not in use. The rails of the tracks are 
formed of one-eighth inch brass wire. These rails are con- 
nected by curved cross pieces having ends bent at right 
angles and soldered to the under surface of the rails. The 
lower ends of the rails are connected by angled wires with 
a cross bar. A, which is bent forward, then upward, to 
receive the board, B, forming the stop for the balls. The 
up]K*r ends of the rails aie connected by angled wires with 
a cross bar, C, which receives the loops of the wire leg, D. 
To the leg is jointed a brace which hooks over one of the 
cross pieces of the middle track. 

To the upper cross bar are soldered wire eyes, support- 
ing a wire bent so as to form three cranks for holding 
the balls, and releasing them all together. The rods of 
which the tracks arc formed are about three feet long. The 
cycloid track is made first, the others being cut off to match. 
A method of laying out the cycloid curve is shown in Fig. 
28. At the end of the base line, A D, draw the line, C D, 
perpendicular to A D. Describe a generating semicircle 
(in this case of nine inch radius) tangent to A D, at D. 
Through its center draw the line, E C, parallel to the base 
line. Divide the semicircle into any number of equal parts 
— six for example — and lay off on A D and E C distances 
equal to the radius C D x 3T416, and divide A D and E C 
into six equal parts, C T, T, 2', etc., equal to the divi- 
sions of the semicircle; draw chords, D i', D 2', etc. 
From points T, 2', 3', etc., on the line, C E, with radii 
equal to that of the generating semicircle, describe arcs. 
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From points i', 2', 3', 4', 5', on the line, D A, and with radii 
equal successively to the chords, D i, D 2, D 3, D 4, D 5, 
describe arcs cutting the preceding, and the intersections 
will be the points of the curve required. Through these 
points the curve is drawn, and the wires for the cycloid track 
are bent so as to conform to this curve. The track, when 
completed, must sustain the same relation to a horizontal 
line as the curve in the diagram sustains to the base line, 
A D. 

Another method of describing a cycloid is to fix a pencil 
in the edge of a disk and roll the disk on a level surface, 
without slipping,with a pencil in contact with a sm(x>th board 


Fig. 28, 



or a piece of paper, the curve being started with the pencil 
at the lowest point or in contact with the base line. 

A ball is supported at the upper end of each track by the 
cranked wire, and when the three balls are liberated simul- 
taneously by quickly turning up the cranked wire, it will be 
found that the ball on the cycloid reaches the point of stop- 
ping first, the ball on the circular curve coming next, the ball 
on the inclined plane being slowest of all. 

If two cycloidal tracks be placed side by side, it will be 
found by trial that a ball started from the middle or at any 
point between the ends of one of the tracks will reach the 
point of stopping no sooner than the ball started at the top 
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of the Other track. In fact, if the tracks are accurately 
made, both balls, if started simultaneously, will reach the 
bottom at the same time. 

DROPPED AND PROJECTED BALLS. 

Although there is no shorter or quicker route for the de- 
scent of a falling body than that of a plumb line, it has been 
shown that a body projected horizontally with whatever 
force, and describing a long trajectory, will reach the earth 
in exactly the same time as another similar body simply drop- 
ped from the same height. There are many simple and in- 
genious devices for demonstrating this fact. If the experi- 
ment could be brought within convenient compass for ob- 
servation, nothing would be better for the purpose than an 
ordinary gun, with powder as the propelling power, but this 
is of course out of the question. It is therefore necessary 
to resort to apparatus which may be used in an ordinary 
room, so that both projected and falling ball may be seen 
and heard. The apparatus is still a gun, but a very harm- 
less and inexpensive one. It is a modified “ Quaker gun," 
a well known toy used for shooting marbles. » 

Fig. 29 is a perspective view of the gun, showing it im- 
mediately after its discharge, and Fig. 30 is a longitudinal 
section showing the gun ready to be discharged. The gun 
consists of a wooden barrel chambered at the muzzle to re- 
ceive the marble and provided with a rod attached to the 
breech piece, extending into the barrel and arranged to be 
propelled forward by a strong elastic rubber cord stretched 
over the breech piece, with its ends nailed to the sides of the 
gun barrel. 

Two changes only are required to adapt the gun to scien- 
tific use. First, the notching of the rod passing through 
the barrel and the application of the trigger, D, for engag- 
ing the notches, and second, the support for the falling ball 
at the muzzle of the gun. The trigger, D, is merely a strip 
of sheet metal pivoted to the end of the barrel by an ordi- 
nary screw. In the muzzle of the gun at the under side is 
formed a slot. A, and in the end of the gun on opposite 
sides of the slot are inserted eyes, B. In these eyes is joir - 
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naled a wire support, C, which holds the ball to be dropped, 
at one side of the muzzle and out of the path of the pro- 
jected ball. The wire support, C, forms a lever, one end of 
which projects into slot in the barrel and is held by the ball 
in the muzzle. When the rod in the barrel is liberated b}'^ 
pulling the trigger, D, the ball in the muzzle is projected, 
thereby releasing the wire support, which immediately turns 
and allows the other ball to drop. It will be noticed that 
both balls reach the floor at exactly the same time, without 
regard to the amount of force applied to the projected ball. 


Fig. 30, 



Longitudinal Section of Gun. 
Fig. 29. 




The falling ball is impelled by the force of gravity 
only. The projected ball is acted upon by two independent 
forces — the force of gravity, which draws it toward the 
earth, and the projecting force, which tends to move it in 
a horizontal line. The projecting force is concerned only 
in carrying the ball horizontally forward, and does not in 
any way interfere with the action of gravity, but gravity 
brings the ball gradually nearer the earth, until it finally 
strikes. The gun in this experiment should, of course, be 
fired over a level plane. 
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THE PENDULUM. 

A simple pendulum, which is a purely theoretical thing, 
is defined as a heavy particle suspended by a thread having 
no weight. The nearest possible approacli to a simple peif- 
dulum is a heavy body suspended by a slender thread, as 
shown at A in Fig. 31, and although this is known as a com- 
pound or physical pendulum, its action corresponds very 
nearly with that of the simple pendulum. In the present 


Fifi. 31. 



Oscillating and Conical Pendulums. 

case the pendulum consists of a heavy bullet or lead ball 
suspended by a fine silk thread. This pendulum, to beat 
seconds in the latitude of New York, must be 39’ioi2 inches 
long. That is the distance between the point of suspension 
and the center of oscillation of the weight. This length varies 
in different places ; c. g., at Hammerfest, in Norway, it is 
39-1948, and at St. Thomas, one of the West India islands, 
39-0207. 

A seconds pendulum is one that requires one second for 
a single swing, or two seconds for a complete to-and-fro 
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excursion. The distance through which the suspended 
weight travels in one swing is the amplitude of the pendu- 
lum. Galileo’s discovery of the law of the pendulum in 1582 
is a matter of common knowledge. He observed the regu- 
larity of the swinging of a lamp suspended from the roof 
32. of the cathedral of Pisa, and 

noticed that, whetever the arc 
of vibration, the time of vibra- 
tion remained the same. He 
also determined the law of the 
lengths of pendulums by ex- 
periment. He found that, as 
the length of the pendulum 
increased, the time of vibra- 
tion increased, not in propor- 
tion to the length, but in pro- 
portion to its square root. 
For example, while in New 
York it requires a pendulum 
39’ 1012 inches long to beat 
seconds, the length for two 
seconds would be I56’4048 in. 
The length of a pendulum for 
any required time is found by 
multiplying the length of a 
seconds pendulum in inches 
by the square of the time the 
pendulum is to measure. In 
the above example, 39' 1012 
inches is the length of the 
seconds pendulum. T wo sec- 
onds is the time to be meas- 
^ ^ . ured. 2^ = 4. Therefore 

Foucault s Experiment. ^ i 

39*1012 X 4 —= 156*4048, the 

length of the two seconds pendulum. It is found that, barring 

the resistance of the air, all materials act alike when used 

for the weight of a pendulum. This is one proof of the 

uniformity of the action of gravitation on all substances. 

In Fig. 31, at B, is shown a conical pendulum. It differs 
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from the pendulum A only in the manner in which it is 
used ; whereas the pendulum A is made to swing to and fro 
in a vertical plane, the pendulum B is started in a circle, 
as indicated by the dotted line. It is found hy comparison 
that the pendulum B completes its circular travel in the 
same time that pendulum 
A requires to complete one 
to-and-fro vibration. The 
conical pendulum derives 
its name from the figure it 
cuts in the air. 

The pendulum has been 
used to determine the figure 
of the earth, also to show 
the earth’s rotation. Fou- 
cault’s celebrated experi- 
ment at the Pantheon at 
Paris consisted in vibrating 
a pendulum having a period 
of several seconds over the 
face of a horizontal scale 
While the pendulum pre- 
served the plane of its oscil- 
lation, the scale indicated a 
slow rotation. This experi- 
ment may be repeated easily 
on a small scale in the man- 
ner- illustrated in Fig. 32. 

The ball, which must be 
a heavy one, is suspend- 
ed by a very fine wire of 
considerable length, say 
from forty to fifty feet. It 
must be started very care- 
fully to secure the desired result. To start it, a fine wire is 
tied around the equator of the ball. To this wire is attached 
a stout thread, by means of which the ball is drawn one side 
and held there until the pendulum is perfectly quiescent. 
The pendulum is then released by burning the thread. 



Ov*- N, 'i- 
Pendulum with Audible Beats. 
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In the course of a few minutes there will appear to be 
a slight change of its plane of vibration. The case is like 
that oi the gyroscope already described. The plane of 
vibration remains really constant, but the rotation of the 
Pij, ^ earth causes an apparent twisting 

of the plane. If the experiment be 
lllliilliii performed in the United States, 

iiiiPlIli plane of vibration be north 

south at first, the northern 

il!illHI!ll lirnit will soon swing toward the 

" /.sHbI. " right, as viewed from the south. 

'iHlil'ii,, I;; A pendulum capable of produc- 

ing audible beats is often desirable. 
" iH Fig. 33 shows a simple, well known 

jH arrangement for producing audible 

ll beats by the aid of a telegraph 

! sounder. The ball, in this case, is 

suspended by a fine wire. I'he 
side of the ball is provided 
a platinum point. A mercury 
globule is held by an iron cui) in 
path of the platinum point, and 
pendulum, mercury, and sound- 
er arc in the battery circuit. By 
this arrangement an electrical con- 
tact is made for each swing of the 
pendulum, and the sounder is made 
to click each time the circuit is 
closed. 

By means of Rater’s reversible 
pendulum, the length of a simple 
pendulum having the same time of 
oscillation as the compound pen- 
dulum may be accurately deter- 
• mined. 

Kater-s Reversible Peirdulum. ^ 

modified form of this pendulum, in which the rod is formed 
of two parallel bars of wood, separated by blocks at the 
ends and provided with two swiveled cylindric rings, be- 


Rater’s Reversible Pendulum. 
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tween which are placed two adjustable lead weights, held in 
place by crossbars secured to the weights by screws, and 
extending over the edges of the wooden bars. Below the 
lower swiveled ring are clamped lead weights, one upon 
cither side of the bar, with a screw extending through t)ne 
weight into the other. These weights are cheaply made by 
casting lead in small blacking box covers. 

This pendulum is suspended upon a knife edge project- 
ing from a suitable support, and the weights between the 
bars arc adjusted until the time of vibration is the same for 
either position of the pendulum, it being reversed and oscil- 
lated first upon one of its rings ,as a center, then upon the 
other, until the desired adjustment is secured. Then the 
distance between the bearing surfaces of the rings will be 
the length of a simple pendulum which would vibrate' in 
the same time as the compound pendulum. 

MEASUREMENT OF TIME BY THE PENDULUM. 

The application of the pendulum to the measurement of 
time dates from 1658. In that year Huyghens applied it to 
clocks. Singularly enough, this has proved to be the only 
practical use of any importance to which the pendulum 
could be adapted. The fact that millions of clocks have 
been made which depend on the pendulum for regulation 
proves the great value of Huyghens’ invention. 

A simple model, showing the application of the pendu- 
lum to clocks, is illustrated in Fig. 35. It is readily made, 
and serves to show how the pendulum acts in the regula- 
tion of a clock, and is useful for measuring seconds in 
experimental work. The frame is made entirely of hard 
wood. The three parallel plates are connected by wooden 
studs. The wooden arbor of the scape wheel is provided 
with steel wire pivots, the outer one being prolonged 
beyond the front plate to receive the second hand. The 
scape wheel consists of a disk of wood about three inches 
in diameter, provided with a circular row of steel pins, uni- 
formly spaced and projecting from the face of the disk par- 
allel with the arbor. With a disk of the size given thirty pins 
will be sufficient, with a larger disk sixty pins may be used. 
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Above the scape wheel arbor there is a wooden roller 
furnished with steel wire pivots. In the roller is inserted a 
steel wire forming the escapement or crutch, the ends of 
the wire being bent inward to form pallets which engage 
the scape wheel pins in alternation. The rubbing surfaces of 
the pallets are flattened and polished and the ends are bev- 
eled. In the roller is inserted a wire which extends down- 


Fig 35. 
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ward obliquely through a hole in the middle plate, and is 
finally bent into an oblong loop extending rearward. In a 
split stud in the back piece is inserted the flattened upper 
end of the pendulum rod. A small rivet passes through 
the upper extremity of the rod. and prevents it from slip- 
ping through the split stud. The rod passes through the 
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oblong loop above referred to, and is provided on its lower 
end with an adjustable weight of to 2 pounds. 

The scape wheel arbor is provided with a circumferen- 
tial V-shaped groove forming a very, small pulley for receiv- 
ing the driving cord. Upon the middle plate above the 
arbor is fixed a circular block having a deep V-shaped cir- 
cumferential groove for receiving and holding the endless 
driving cord, which passes round the arbor and grooved 
block as shown, and also passes around the pulley block 
attached to the weight. It is necessary to have the V- 
shaped grooves very deep and very narrow to enable them 
to pinch the driving cord. To insure uniformity in the 
action of the cord and weight, it is advisable to place in the 
second loop of the cord a pulley and connect with it a very 
light weight. When the driving weight has nearly run 
down, the cord may be pulled upward over the grooved 
block and fastened. The pendulum rod is made very thin 
and flexible at the upper end by hammering. The rod is 
made of wire of sufficient diameter to prevent springing by 
the action of the escapement, and the pendulum bob is 
adjustable. The distance between the center of the bob 
and the split stud is 39' 1012 inches. 

The motion of the jjendulum is a result of the down- 
ward pull of gravity and the restraint of the pendulum 
rod. It is forced by gravity to move until the lowest 
point of its arc is reached, when the momentum acquired 
carries it forward and upward, in opposition to the earth’s 
attraction, until its momentum is overcome by gravity, 
when it stops and is again drawn down by gravity, causing 
it to return to the lowest part of its arc and repeat the 
movement just described, but in the opposite direction. 
But for friction of the air and 'of its parts, the pendulum 
would swing on indefinitely without the propelling power. 

The isochronism of the pendulum is perfect only when 
its amplitude of vibration remains the same, or when it is 
arranged to move in a cycloidal path. It is impossible to 
maintain constantly the same amplitude oi^ vibration, and it 
is difficult to cause the pendulum to describe a true cycloid. 
A very close approximation to isochronism is secured by 
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suspending the p'^^ndulum by means of a flat spring as above 
described and by limiting its swing to a very small arc. 

The motion ol a cycloid pendulum is very well illus- 
trated by the cycloidal track and the ball shown in Fig. 36. 
The track is formed of steel bars smoothly finished, and th' 
ball is of steel, hardened, ground, and polished, one of the 
kind used for ball bearings. 

The period of oscillation of the ball rolling on the cycloid 
track is the same for all amplitudes. This may be readily 
proved by comparing two like instruments with the balls 
oscillating at different amplitudes. 

A torsion pendulum is one that depends for its action 
upon the twisting and untwisting of an elastic suspension. 
The simplest pendulum oi this class is the toy known as the 
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return ball. It consists of a wooden bail attached to the end 
of an elastic rubber cord. By grasping the free end of the 
cord and swinging the ball so as to cause it to roll in a cir- 
cular path on the floor, the cord will be rapidly twisted. 
If, after twisting, the cord be fastened to a support, as shown 
in Fig. 37, it will be found that the ball will rotate rapidly 
by the untwisting of the cord. The momentum of the ball 
acquired during the untwisting will again twist the cord, 
but in the opposite direction. This pendulum will run more 
than an hour with a single winding. The period of such a 
pendulum, taken at random from a pile of return balls, was 

minutes, the rubber cord when not extended being about 
a foot long. 

By means of apparatus similar to that shown in Fig. 38,. 
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Coulomb determined the laws of the torsion of wires. The 
wire by which the weight is suspended is firmly secured to 
the hook, and the weight is provided with an index. The 
angle through which the index is turned from the position 
of rest is the angle of torsion. After turning the weight 
and releasing it, the elasticity of the wire returns it to the 
point of rest and the momen- 
tum of the weight carries it 39- Fig. 37 

forward, twisting the wire in 
the opposite direction, until 
the weight reaches a point 
Avhcre the momentum of the 
AA'^eight is overbalanced by the 
resistance of the wire, when 
the wire again untwists, turn- 
ing the weight in the opposite 
direction. These oscillations 
continue until the force origin- 
ally applied is exhausted in 
friction. The oscillations 
within certain limits are very 
nearly equal. 

A torsion pendulum, with 
a bifilar suspension, is shown 
in Fig. 39. The wheel is 
formed of a disk of metal, 
with a series of split lead balls 
pinched down upon its edge. 

The wheel weighs pounds. 

Its diameter is four inches. 

It has a double loop at the 
center for receiving the paral- Torsion Pendulums, 

lei suspending wires, which 

are f inch apart and 5 feet long. No. 30 spring brass wire 
was used in this experiment. The period of the pendulum 
was five minutes. 

The torsion pendulum has been successfully applied to 
clocks. Either of two results may be Secured by its use. 
The time of running may be prolonged in proportion as the 
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' tile toii^h' {>endulum. is longer , ^ aii 

One, Or the number of gear* wheels required ir 
the. cl<:ik:k. they be greatly reduced. Ordinary clocks con 
itructed on this principle run a year Meith a sanglc winding 
Clocks have been made on this plan which would run foi 
one hundred years. 

In the same year that Huyghens applied the oscillating 
pendulum to the clock, Hooke applied the spiral spring te 
iiie watch balance, thereby causing it to act as a pendulum 
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The principle of Hooke’s invention is illustrated by Fig. 40. 
The apparatus here shown has a vibratory period of one 
second. The staff rests at the bottom in a small porcelain 
saucer and turns at the top in a wire loop secured to the 
base board. The disk on the staff is loaded at its periphery 
with lead balls. A large watch main spring or music-box 
spring is attached to the staff and to a fixed standard. The 
oscillation may be quickened by using a stiffer spring or by 
removins: some of the balls. 



invention which has been applied to clocks with sonie sue* 

ceM^-,: *•- ' V _ ■ 

Two cross bars are supported from the base by two 
wires. In the lower cross bar and in the base is journaled 
a wire having a hook at the upper end. This vertical wire 
carries a curved arm, to which is attached a thread having 


at its extremity a 
small weight, such 
as a button. The 
propelling power in 
this model consists 
of an elastic rubber 
band placed on the 
hook on the vertical 
rod, and received in 
a hook on the little 
crank shaft in the 
upper bar. The 
rubber band is twist- 
ed by turning the 
crank, and the crank 
is prevented from 
retrograde move- 
ment by the wire 
catch at the side of 
the bar. 


Fig. 41. 




Flying Pendulum. 


As the arm is carried around by the power stored in the 
rubber band, the weight on the thread is thrown outward 
by centrifugal force. When it reaches one of the side rods, 
it wraps the thread several times around the rod, thus hold- 
ing the arm until the thread is unwound by the action of 
the weight, when the arm describes another half revolution 
and the operation just described is repeated. 
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CHAPTER V. 


MOLECULAR ACTIONS. 

Cohesion and adhesion are forces which hold together 
molecules or ultimate particles. Cohesion unites molecules 
of the same nature. It is exerted strongly in solids, to a 
less degree in liquids, and very little in gases. 

Heat causes the mutual repulsion of molecules, and 

thus diminishes the force 
of cohesion. Solids, when 
strongly heated, expand, 
liquefy, and finally pass into 
a gaseous state, if not chemi- 
cally changed at the tem- 
perature reached, r. 
wood, leather, etc. The 
tenacity, hardnes^s, and duc- 
tility of bodies is due to 
cohesion. 

The force of cohesion in 
liquids may be demonstrat- 
ed by suspending a disk by 
a delicate filament of elas- 
tic rubber, noting the ex- 
tension of the rubber, then 
placing the disk in contact 
with a body of water, as 
shown in Fig. 42, finally 
drawing upon the rubber 
until the disk separates from the water. It is found that a 
considerable extension of the rubber is required, to detach 
the disk. By a more delicate experiment, in which the d.isk 
is suspended from a scale beam, the force of cohesion may 
be accurately measured. It is found by this experiment that 
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the material d the disk has ho influence on the result, but 
that the weight required to detach the disk varies with the 
nature of the liquid. The fact that the disk retains a film 
of water after separation from the body of water shows 
that the force of cohesion of the water is less than the force 
;)f its adhesion to the disk. 

In solids cohesion is often manifested in different degrees 
in different parts of the same body. The body is then un- 
der strain. Examples of bodies in this condition are to 
be found among iron castings and in unannealed glass ware. 

Prince Rupert’s drops, or Dutch tears, show in a striking 
manner how a body under sufficient internal strain may con- 
tain within itself the elements of destruction. These drops 
have a long, oval form, tapering at one end to a point, 
which is more or less curved. They 
are made by dropping melted glass into 
water, thus suddenly cooling the glass 
and putting it under great strain. 

The larger part of the drop may be 
struck with a hammer without break- 
ing ; but on breaking off the point, thus 
relieving the strain at one place, the 
glass instantly flies into pieces. So 
complete is the destruction, that the Prince Rupert’s Drops, 
fragments are often like fine sand. 

The Bologna flask is of the same nature as the Prince 
Rupert’s drops. It is an unannealed glass flask, having a 
very thick bottom, which is under great strain. The flask 
will receive a hard blow without breaking, and a lead bullet 
may be dropped into it without producing any effect, but 
on dropping into it a quartz crystal, or in some other way 
slightly scratching the inner surface of the flask at the bot- 
tom, the flask at once goes to pieces. The action may be 
compared to the destruction of a superstnicture of masonry 
by weakening or destroying the keystone of the arch which 
supports it. 

A common example of action of this kind is met with in 
lamp chimneys, which break without an_f apparent cause. 
Engineers often find glass water-gauge tubes which w'ill 
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readily stand steam pressure, but which, when scratched 
even imperceptibly on the inner surfaces, will break. 

Adhesion is the term applied to the attraction between 
the surfaces of two bodies. In the experiment illustrated 
b}' Fig. 42 the water adheres to the disk, and the force of ad- 
hesion in this case is superior to the force of cohesion as 
manifested by the molecules of the water. 1 f the moisten- 
ing of the disk by the water is prevented by lycopodium dis- 


Fig 44. 



Bologna Flask. 


tributed on the surface of the water, there can be no adhe- 
sion. 

Two pieces of plate glass pressed firmly together adhere 
strongly. This experiment succeeds in a vacuum, showing 
that atmospheric pressure plays no part in holding the 
glasses in contact. 

In the arts, examples of adhesion are found in glues, 
cements, and solders. 
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SURFACE TENSION. 


Fig. 45. 




The surface tension of liquids is manifested in various 
ways, notably in the formation of drops, as in rain, each drop 
becoming a perfect sphere Water sprinkled upon q sur- 
face it does not wet, for example, a dusty surface, or upon 
a surface covered 
with lycopodium, 
assumes spheroidal 
forms, as shown in 
Fig. 45- 

A pretty illustra- 
tion of cohesion and 
surface tension is 
shown in Fig. 46. A 
few drops of olive oil are placed in a suitable vessel, and 
into the vessel is carefully poured a mixture of alcohol 
and water having the same specific gravity as the oil. The 
Fig. 46. 


Surface Tension exhibirecl in Water Drops. 




oil will be detached from the bottom of 
the vessel, and will, in consequence of the 
Cohesion of its particles, assume a spheri- 
cal form. Another method of performing 
this experiment is to introduce the oil into 
the center of the body of dilute alcohol 
by means of a pipette. By careful mani- 
pulation a large globule of oil may be 
introduced in this way. 

Liquids in large masses assume the 
form of the vessel in which they are con- 
tained, in consequence of the superior 
force of gravity. 

From what has been said, as well as 
from what follows, it will be seen that 
liquids act as though they were inclosed 
in a tense superficial film. A glass tube 
pressed endwise into a body of mercury 
(Fig. 47) produces a deep depression before breaking the 
surface of the liquid. When a glass tubeiis presented in a 
similar way to the surface of water (Fig. 48), the effect is 



Oil Globule suspen 
ded in Equilibriuin. 
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reversed, the water attaching itself to the surlacc oi llie 
glass with such force as to spread and lift tlie water in (he 
immediate vicinity of the wall of the tube. In tubes ot 
large diameter, the height tt) wliich water is lifted is sb^iti. 
but in capillary tubes the height is considerable. 

Fig. 49 shows the effect of the size of tlie tube on tin. 
height to which the liquid is raised by capillarity. I he 
smaller the area of the upper end of the liquid column, the 
greater the concavity, and, as a consequence, the greater the 
strength of the surface film in comparison with the weight 
of the column raised. 

When two glass plates are arranged at a slight angl(‘ 
with reference to each other, with their edges in contact, as 
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shown in Fig, 50. the liquid exhibits the phenomenon shown 
bv the tubes of different diameter, but to a less degree, owing 
to the contact of the edge of the surface film of the liquid 
with proportionately a smaller surface. When two glass 
plates are presented in a similar muimer to the surface 
of a liquid which does not wet them, such as mercury or 
water covered with lycopodium, the effect is the opposite 
of that iust described (Fig. 51). Capillary elevation andde. 
pression are more clearly shown by the experiment illus 
trated in Fig. 52. Two inch glass tubes terminating in 
capillary tubes arc bent into U shape and mounted upon 
a support. Into the larger end of one of the tubes is 
poured mercury, which flows into the smaller branch, but 
does not reach the level of the mercury in the larger branch. 
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I lu- iiii!)rr surlacf »)f the mercury in cacli branch of the 
tube is convex. W'hcn water is poured into tiie iarijer 
branch of tin* otlar tube, it rises in the capillary tube above 
its ,sour< e, and its upper surface in 
e.ich t)ranch is concave. 

.\ curious cxaiufile of tin- eff(< t 
oi surface tension is shown in Fij^. 

5 p The smaller etid of a faperiii_”- 
tube is plunged several limes into 
a vessel of water and withdrawn. 

Whenewer it is drawn out of the 
water, the contraction of the water 
drop adhering to the lower end 
of the taperinji^ tube forces the 
eolunm higher within (he tube, un- 
til at length a point is reached 
when equilibrium is established, 
the contractile force of the drop 
beinjr balanced by the weight of 
the column of water contained by 
the tube and by the uitvvard pull of the film at the upper 
surface of the water. 

In Fiijs. 54 and 55 are illustrated experiments showing 

the force of capillary attraction 
anti adhesion. In Fig. 54 is 
shown a 2 inch lube open at one 
end and terminating in a capillary 
tubulure at the other end. By 
allowing the tube to sink for two 
or three inches in water, with the 
larger end downward, then j>lac- 
ing a minute drop of water in the 
capillary end of the tube, the 
tube may be raised two or three 
inches, carrying with it the col- 
umn of water contained by it. 
If the capillary ^nd of the tube 
be closed by a small drop of water, and the larger end be 
plunged into water, as in Fig. 55, air will be retained in 
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the tube, and, as a consequence, the water cannot enter. 
An experiment showinj^ a phase of capillarity is illus- 
trated by Fig. 56. This experiment was originally intended 
for illustrating- upon the screen tapestry and other designs 
formed of small squares, in colors ; but it has another prac- 
Fig. 51. tical application, which is capable 

of considerable expansion. For 



{irojection, a piece of brass wire 
cloth, of any desired mesh, say from 
12 to 20 to the inch, is mounted in 
a metallic frame to adapt it to the 
slide ht)lder of the lantern, and the 
wire ch)th is coaled lightly with 
lactpier and rdlowed to dry. 

The slide thus prepared is 
placed in the lantern and focused, 
riie recpiircd design may now be 
traced by means of a small camel’s 


hair brush, colored inks or aqueous solutions of aniline dyes 


being used. 'I'he small squares of the wire cloth arc filled 
with the colored liquid, and show as colored scpiares upon 
the screen. Different colors may be placed in juxtaposition 


Fig. 52. 


Flu 
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without liability to tnixinj^, and a design traced without 
special care will appear regular, as the rectangular aper- 
tures of the wire cloth control the different parts of the 
design. 

Fig. 54. Fn;. 55. 4* 



The colored liquid squares are letaincd in the meshes ol 
the wire cloth by capillarity. A damp sponge will remove 
the color, so that the experiment may be repeated as often 


Fu:. 56. 
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Method of Producing Designs on Wire Cloth. 

as desired. In this experiment the colored squares have 
the appearance of gems. These designs tnay be made per- 
manent by employing solutions of colored gelatine ; but in 
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this case the squares are so small that, they arc not ver\ 
effective without maj>'uification. Really eleg^ant (lesii;ii'; 
may be produced in this way for lamp shades, window and 
fire screens, signs, etc. The mesh of the wire cloth sfiould 
be quite coarse, say 10 to the inch. The wire cloth is sup- 
ported a short distance from a design drawn on paper, and 
the different colors are introduced into the meshes by means 
of an ordinary writing pen. The gelatine solution should 
not be very thick, and it must be kept warm. Ordinary 
transparent gelatine may be colored for this purpose by 
adding aniline. Colored lacquers answer admirably for 
filling the squares. The beauty of this kind of work and 
the simplicity of the method by which it is j)roduced re- 
commend it for many purposes. 

.\usoKi>Tio\ oi- (;a.si:s. 

The behavior of .gases under certain conditions is of 
peculiar intere st to the student of physics, since it involves 
actions which cannot he seen and which reipiire jiurely men- 
tal effort for their conqneliension. There are simple ways 
of demonstrating that certain actions do occur, but the exact 
mode of their occurrence is left to reason or conjecture. 

In some ol the tolhoving e\[)eriments molecular action 
proceeds with astonishing rapidity. One of the l)est exam- 
ples of this rapid action is the absorption <*t gases by char 
coal. 

To illustrate alisorption according to the usual method, 
a piece of recently heated charcoal is floated upon mercury 
and a test tube filled with carbonic acid gas or ammonia gas 
is inverted over it and (pdcklv plunged into the mercury. 
Fig. 57. The absorption begins immediately and quickly 
forms a partial vacuum, which causes the mercury to rise in 
the tube. 

When a quantity of mercury is not available, the ex])eri- 
ment may be performed very satisfactorily in the manner 
illustrated by Fig. 58. A glass tube, closed at one end by a 
cork in which is inserted a short piece of smaller tube, is 
plunged open end downward into a tumbler partly filled 
with water. To a flask or bottle is fitted a cork in which is 
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inserted :i small glass tube, and the two small tubes arc con- 
nectcd by a short piece of flexible rubber tubing. The flask 
is filled with carbonic acid gas,* and corked. One or two 
smalbpiecqs of fine charcoal are heated strongly in a closed 
y?i5^1, cdvferei^i^ dr upoh the'top pta stove. 

^The.c#jk pf ilie^i^kiM rdi^oVed, and the eharcdal is dropped 

Pfsl 57- 



Absorption of Gases by Ch ircoal. 


in and the cork replaced. If there are no leaks, the absorp- 
tion of the gas by the charcoal will be immediately shown 
by the rise of the water in the tube in the tumbler. The 
coal will absorb 35 times its bulk of the gas. In the case of 
ammonia the volume of gas absorbed reaches 90 times the 
bulk of the charcoal. As the gases which are most casil3' 

* Carbonic acid gas for this and subsequent experiments may be readily pre- 
pared by dissolving a small quantity of carbonate of soda (say i oz.) in tvater^ 
in a tall glass or earthen vessel^ then slowly adding a few drops of sulphuric 
^ acid. Th6 gas will quickly .fill the vessel to overtiowing. The carbonic acid 
gas being thuch heavier than air, may bo readily poured into the flask. 
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coiuJ^sed .to .a Uqui4. state are tltpse absO:^^ 

i^with the greatest fkciUity, it is, fair to presume that thegM^ 
absorbed by the charcphl are iii a liquid .state* the well 
Itnown purifying property of charcoal and other, porou^ Sub- 
stances is referred to their absorptive power. 

THE DIFFUSION OF GASES. ; . 

The tendency of gases to mix or -diffuse one into the 
other is very strong. A simple experiment exemplifying 


Fig. 58. 



Absorption of Carbonic Acid Gas by Charcoal. 


this tendency is illustrated by Figs. 59 and 60. A clean, dry 
porous cell, such as is used in galvanic batteries, is closed 
by a cork in which is inserted a small glass tube. A piece 
of barometer tube six or eight inches long is connected by 
rubber tubing with the tube of the porous cell. The end of 
the barometer tube is plunged into water and the porous 
cell is introduced into a vessel* filled with hydrogen or illu- 
minating gas. The gas enters the porous cell so much more 

* An ordinary fish globe answers admirably as a gas-containing vessel for this 
and similar experiments. It is readily filled with illuminating gas by placing 
it for a minute in an inverted position over a burner through which gas is 
flowing. 
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rapimy tbautae ait ca® escape q 
rthat a pfessute !is whiah,:^m;i 

through th^ tube and bubble, up through tKe^ . 

. the porous cell is removed from tlje^^glas^TL 
the reverse of what has been described occurs, the gas p^i 
ing outward with much greater rapidity than the air can 
pass in, thereby producing a partial vacuum, which causes 
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the water to rise to a in the glass tube, Fig. 6o. These are 
examples respectively of endosmose and e.xosmose. In these 
experiments it is of vital importance to have tight joints, 
as the slightest leak will insure failure. The corks should 
fit tightly, and where they are not to be removed, they 
should be carefully sealed. 

These experiments may be tried on a large scale by em- 
ploying a porous Turkish water cooler instead of the 



! cell, and using a larger and longer glass tube, 

r latge b^ll or glass shade may serve as the gas-contai 
^og vessel. The action may be made more distinctly vis 
ble by coJonng the water. 

A convenient and inexpensive way of showing the sam 
phenomena on a small scale is illustrated by Fig. 6i. A 
ordinary clay tobacco pipe answers for the porous vesse 
A short, centrally apcrtured cork is fitted to the bowl c 
the pipe, a glass tube, of about one-eighth inch internj 
diameter, is fitted to the bore of the cork, and the cork i 
carefully sealed. By connecting the stem of the pipe wit 


t 



a. gas jet or hydrogen generator, by means of a flexible 
tube, and inserting the glass tube a short distance into 
water, the gas will bubble up through the water. After 
shutting off the gas at the burner, or by doubling or pinch- 
ing the rubber tube, the water will immediately rise in the 
glass tube — showing that in the exchange of gas and air 
through the pores of the clay, the outward movement of 
the gas has been much more rapid than the inward move- 
ment of the air, thereby producing a partial vacuum, which 
causes the water to rise. 
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By breaking off the stem of the pipe near tfie boVi^b:the ; 
pipe and glass tube may be plunged in a deep glass jar,; 
when the experiment may be proceeded with as follows 

A little water, say one-half inch in depth, is poured into 
the jar, after which the jar is filled with carbonic acid gas. 
Illuminating gas or hydrogen is allowed to flow through 
the pipe while it is removed from the jar, so as tc^ drive 
out all the air and fill the pipe with gas. The gas is now 
shut off and the pipe is immediately placed in the jar, with 
the glass tube plunged in 
the water. The effect is the 
same as in the case of the 
air and gas, i. c., the car- 
bonic acid gas goes in and 
the hydrogen gas goes out ; 
and when equilibrium is 
established, the pipe will 
contain some carbonic acid, 
riiis may be proved by re- 
moving the pipe from the 
jar and plunging the glass 
tube into some clear lime 
water, then allowing the 
gas to flow only long enough 
to fi)rce out the contents of 
the pipe. The presence of 
the carbonic acid is indi- 
cated by the milky appear- 
ance of the lime water, 
which is due to the forma- Simple Way of Showing the Diffusion 
tion of carbonate of lime. Gases. 

There is sufficient carbonic acid in the exhalations of 
the lungs to show an action which is the reverse of that 
observed in connection with illuminating gas. When the 
pipe is blown through, and the end of the stem is quickly 
and completely stopped, one or two bubbles will escape 
from the glass tube, showing that the inward movement of 
the air through the pores of the clay is more energetic than 
the outward movement of the carbonic acid. 


Fifi- 6i- 
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The diffusion of gases may be shown by the well known- 

experiments . illustrated by Figs. 62 and 63. A medium 

sized fish g^lobe, a very small fish globe which will pass into • 

^ ^ the larger one, and a 

62. . f U1 IJ 

piece of bladder are 

the requisites for this- 
experiment. 

The small globe is 
filled with carbonic 
acid gas, and the blad- 
der, previously moist- 
ened, is placed loosely 
over the mouth of the 
jar and tied so as to 
render the connection 
between the bladder 
and the globe air tight. 
A good way to insure 
a tight joint is to 
Pressure by Endosmose. Stretch a wide rubber 

band around the neck of the globe before applying the mem- 
brane. The large fish globe is filled with hydrogen or 
illuminating gas, and the small globe is placed under it as 



shown in Fig. 62. 
As the hydrogen 
passes inward 
through the mem- 
brane much more 
rapidly than the car- 
bonic acid passes 
optward, the mem- 
brane is distended 
oiitwardly. It re- 
quires a little time 
to produce a visible 
effect. If the small- 
er globe is filled 
with hydrogen, and 
the large one with 


Fig. 63. 



Partial Vacuum by Exosmose. 
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carbonic acid, the membrane will be distended inward, as 
shown in Fig. 63. In this latter case the experiment may be 
performed with-the least trouble by placing the large giobe 
with its mouth upward, and closing it by means of a plate 
of glass. 

Endosinose proceeds from the rarer toward the denser 
gas. The law governing the diffusion of gases, acco^^ing 
to Graham, is that the force of diffusion is inversely as the 
square roots of the densities of the gases. 

When two miscible liquids are separated by a porous par- 
tition, they diffuse one into the other. A simple endosmo- 
meter for showing this action is 
shown in Fig. 64. It consists of a 
small funnel having its mouth 
closed by a piece of bladder held 
in place by a wide rubber band 
stretched around the rim of the 
funnel. The funnel thus prepared 
is immersed in water, for example, 
and is filled to the level of the 
water with sirup of sugar. The 
water passes through the bladder 
into the funnel and the sirup passes 
out. The rise of the liquid in the 
funnel indicates that the water 
enters more rapidly than the sirup 
escapes. The presence of the 
sirup in the water may be detected by taste. That the 
water passes through the membrane into the funnel may 
be proved by adding to the water a small quantity of sul- 
phate of iron, and after the experiment has proceeded for a 
time, adding some tannin to the contents of the funnel. If 
sulphate of iron is present in the funnel, the sirup Avill turn 
dark upon the addition of the tannin. 

If the neck of the funnel proves to be too short, a glass 
tube may be connected with it by means of a short piece of 
rubber tubing. 


f IG. 64. 



Endosmometer. 
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CHAPTER VI 

LIQUIDS — PRESSURES EXERTED BY LIQUIDS. 

Liquids are distinguished from solids by the great mo- 
bility of their molecules. The adhesion between the mole- 
cules of liquids produces more or less resistance to their 
free motion. This property, which is known as viscosity, 
is inherent in all liquids, some exhibiting extreme mobility. 


Fit',. 05. 



Demonstration of Pascal's Law. 


Others having great viscosity. Ether is an example of . a 
mobile liquid, and ah example of a viscous one is found in 
glycerine. 

Liquids are compressible to a very small degrqe only. 
They are, as we have already noticed (Chapter I), porous 
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and impenetrable, and, in consequence of their compressi- 
bility, they are elastic. 

Pascal enunciated the following law of the pressures of 
liquids: ‘‘ Pressure exerted anywhere upon a mass of 
liquid is transmitted undiminished in all directions, and acts 
with the same force on all equal surfaces, and in a direction 
at right angles to those surfaces.” ^ 

To demonstrate this principle, the apparatus shown in 
Fig. 65 has been devised. 

A hollow metallic globe is provided with open- 
ings at the top and bottom 
and upon four or more of its 
sides. Around these openings 
there are collars, over which 
are stretched and tied dia- 
phragms of rather thick but 
elastic rubber, the upper dia- 
phragm being omitted until 
the globe is filled with water. 

The globe being placed upon 
a suitable support, pressure is 
applied to the upper dia- 
phragm, when it is found that 
the pressure is tiansmitted 
through the medium of the 
water not only to the dia- 
phragm at the bottom of the 
globe, but in an equal degree 
to the diaphragms upon the Pascal’s Experiment. 

sides of the globe, thus showing that the pressure is exerted 
by the water equally in all directions, and at right angles to 
the surfaces with which it is in contact. This is a simple 
illustration of Pascal’s law. 

Probably there is not a more striking example of the 
effects of hydrostatic pressure than that presented in Pas- 
cal’s experiment, in which he burst a stout cask bj^ inserting 
in it a tube about 30 feet high, and filling both the cask and 
tube with water. This experiment, in a modified form, is 
illustrated by Fig. 66. A tin cup of 6 inches diameter, and 
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having a wired edge, is furnished with a leather or rubber 
cover, tied over the top of the cup so that it may have a 
motion oi a half inch or more. In the side of the cup io in- 
serted a tube which extends upward above the top of the 
cup 24 inches, and is furnished at its upper end with a fun- 
nel. The diameter of the tube is of no consequence ; the 
result will be the same whether it is small or large. The cup 
is filled with water by submerging it Avith the tube in a hori- 
zontal position, with the tube uppermost, and alternately 
pressing in the flexible covering and then drawing it out- 
ward. This operation soon drives out the air and fills the 
cup with water. The cup is placed with the pipe in a ver- 

Fig. 67. Fig. 6S. Fig. 69. 



Equilibrium in Communicating Vessels. 

tical position, and a board is laid over the flexible cover and 
pressed to expel all of the water above the rim of the cup. 

Now, by placing a twenty-five pound weight upon the 
board and pouring water into the tube, the weight will be 
'lifted and sustained. This experiment shows that a great 
pressure may be produced by a small column of water. In 
this case the cup, with its flexible cover, represents the large 
cylinder and piston of a hydraulic press,- the tube stands 
for the pump cylinder, the small water column in the tube 
for the piston, and the weight of the column for the power 
applied. By increasing the height of the water column, the 
pressure will be correspondingly increased. 

Fig. 67 shows two communicating vessels of different' 
diameter. The larger one is divided at a point, near its 
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base^, and reunited by means of a packed joint When 
water is poured into one of these vessels, it rises to the 
same level in both. By removing the upper portion of the 
larger vessel and tying a tiexible cover over the lower part, 
it is found that a column of water in the smaller vessel ex- 
tending to the point, a, will be exactly counterbalanced by 
a certain weight placed on the flexible cover, as in Fig. 68. 
The weight required will be exactly that of a column of waler 
of the diameter of the larger vessel and equal in height to the 
distance between the flexible cover and the level of the 
smaller column, a. This ^ 

may be shown by removing 
the weight, replacing the 
upper part of the larger 
vessel, as in Fig. 69, and fill- 
ing it with water up to 
the level, The weight of 
water required in the larger 
vessel to thus lift the smaller 
column to the point, a, will 
be found to be the same as 
that of the weight removed. 

It seems puzzling that 
no variation in the size or 
form of the upper portion 
of the larger vessel can make 
any difference in the results, 
provided the same water 
level is maintained ; but it 

must be remembered that the whole question is simply one 
of pressure per square inch. The weight will as readily 
balance a large column as a small one, the vertical height 
being the same in each case. 

The enormous pressure developed in a hydraulic press is 
a subject of wonder, even to those who perfectly under- 
stand the principle involved in its operation. Mei> regard 
with interest anything that furnishes an exhibition of power, 
and it is difficult to avoid thinking that in the hydraulic 
press power is actually created in some mysterious way. 



Principle of Hydraulic Press. 
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However, nothing of this kind happens. A hydraulic press 
is simply a power converter, in which a certain pressure 
per square inch, acting on a small area, is able to produce 
the same pressure per square inch on a large area, thereby 
multiplying the pressure, i'he sum total of all the power 
utilize^ in the press is exactly equal to the sum total of all 
the power applied to the press, less friction. 

In Fig. 70 is illustrated a hypothetical hydraulic press, 
above which is given a diagram showing the relative areas 
upon which pressure is exerted. To the two communicat- 
ing vessels, A, B, with square cross sections, are fitted the 
pistons, a, b. The piston, /r, is one inch square, and conse- 
quently has an area of one square inch. The piston, b, is 
5 inches square, and consequently has an area of 25 
square inches. If the spaces below the pistons be 
filled with water, it will be found that, in consequence 
of the equal distribution of pressure throughout the 
confined body of water, a weight placed on the piston, a, 
will balance a weight twenty-five times as great placed 
upon the piston, b ; that, for example, a downward pressure 
of five pounds upon the piston, a, will, through the 
medium of the water, cause a pressure of five pounds 
to be exerted on every square inch of surface touched by 
the water, and that the movable piston, having twenty- 
five times the area of the piston, a, and receiving on each 
square inch of its surface a pressure of five pounds, will be 
forced upward with a pressure of one hundred and twenty- 
five pounds. 

A press of this description would have no practical 
v£llue, inasmuch as a movement of the piston, a, through 
the space of five inches would lift the piston, b, only one- 
fifth of an inch. To lift the piston, b, five inches would 
necessitate a piston, a, having a length of one hundred and 
twenty-five inches (over ten feet). 

To obviate this difficulty, the pump piston of a hydraulic 
press is of a reasonable length, and valves are provided by 
means of which the short piston, by acting repeatedly, will- 
accomplish the same results as would in the other case re- 
quire a very long pist()n. 
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In Figs. 71 and 72 is shown a very simple and easily con- 
structed hydraulic press, which has considerable utility. It 
is made of pipe fittings, valves, rods and bolts, that are all 
procurable almost anywhere. 

•To the baseboard is secured a flange, into which is screwed 
a short piece. A, of gas pipe. On the upper end of the pipe 
is screwed a coupling, into which is inserted a bushing from 
which the internal thread has been removed. In the bush- 
ing and in the pipe, A, is inserted a rod of cold rolled iron. 

Fig. 71. 



Simple Hydraulic Press. 


a bar of brass, or a short section of shafting, and the space 
in the coupling around the rod is filled with hemp packing, 
which may be compressed, if required from time to time, 
by screwing in the bushing. The flange at the bottom of 
the pipe. A, is connected with the pump, B, by the pipe, C, 
in which is inserted a discharge, as shown. The pump cyl- 
inder is inserted in a crosstee, to opposite sides ot which 
are attached ordinary check valves. The tee is fastened to 
the base by a plugged piece of pipe, extending through the 
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base and provided with a nut, which clamps the base tight ly. 
The barrel of the pump is in all respects like the press bar- 
rel, except in size. , The piston consists of a in^h . brass 
md, to jiie uppet erid of which is attached a teeha^idie. 

.pf wood is Supported, overdhe pip«^I4» 
tbmt^fi th^ agad thrQ^h.ei te»ebforO' 



Sectional View of Simple Hydraulic Press. 


ing bar under the base. The check valves both open to- 
ward the cylinder, A, and the outer one is provided with a 
rubber suction pipe. Water is drawn into the pump by 
lifting the piston and forced into the press barrel by the 
descent of the piston. The proportion of the pressure at- 
tained, to the power applied, will be as the area of the large 
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piston to the area of the small one. With pistons of re- 
spectivciy 2 inches and % inch diameter, a pressure of 3,000 
pounds may be produced easily. If it is desired to create a 
greater pres$ure, the barrel, A, may be made of hydraulic 
>,tfil»og, a may be applied to the jramp p%)nj bjr? 
f tjie diim^br of aiid its piston niayVb 6 .;h 3 ^.. 
';creased.''' ’ 

LATERAL PRESSURES. 

In some experiments already described it was shown 
that hydrostatic pressure is equally distributed on all sides 
of the containing vessel. Fig. 73 illustrates an experiment 



Reactionary A pparat u s 

in which are shown the effects of removing pressure from a 
portion of one side of the vessel, thus allowing the pressure 
to act upon the opposite side of the vessel in such a manner 
as to cause it to move. This experiment is arranged to show 
this action in two ways, one so as to propel the vessel for- 
ward, the other so as to cause it to turn. 

The apparatus consists of a tall tin can— such as is used 
by fancy bakers for wafers or fine crackers — mounted upon 
a wooden float provided with a lead ballast to keep it in an 
upright position. In one side of the can at the bottom is 
inserted a short tube, a, and in diametrically opposite sides 
of the can, also at the bottom, are inserted longer tubes, d, 
which reach over the wooden block and have their ends 
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turned in opposite directions. All of t)ie tubes are stopped, 
and the float is placed in a large vessel of water, when the 
can isdUled with water and the stopper ot the tube, n, is 
nU6wn|f water to escape from the 
^ by rw^b drive the can backward., ' ; , ‘ , , 

■ 7^ben the straight tube; a, remains closed, an^ the beut- 
tiibes, d, are opened, the reaction of, tfie issuing streams 
r^hlts in the rotary movement of the apparptus. The 


Fig. 74. 



Hydraulic Ram. 


apparatus arranged in this way illustrates the principle of 
Barker’s mill. 

The hydraulic ram, a simple form of which is illustrated 
in Fig. 74, depends for its action on the momentum of the 
water column and upon the elasticity of air. The reservoir 
in the present case consists of an inverted glass bottle hav- 
ing no bottom, and provided with a perforated , stopper in. 
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vhich is inserted one end ol a tube, preferably lead, on 
iccount of the facility with which it may be cut and bent 
The other end of the tube is branched, one branch extend^ 
,n|f thr<)ii|;h R stopper inserted in an inverted bottle wj^i^ 
i^ves aif anfipf - chainber. The. other bmnch of 
intends td ‘the ovtalfb^ stopper of 

Chamber. IS inserteld a. second tul^^which is bent 
Ind curved oyeri forming the ri^r, ' • 

, The sihaUer bottle, which serves as a valve chanaber,Vfc 
provided with a stopper which receives the branch of thi 
supply tube and an overflow tube. The ar- fic. 75. 
rangement of these tubes is shown in detail 
at 2, the curved tube being the overflow, 
the straight one the inlet. To the inlet and 
overflow tubes is fitted a valve consisting of 
a metal ball or a marble. The fitting is ac- 
complished by simply driving the ball against 
the end of each tube, so as to form valve 
seats. Four wires are inserted in the stopper 
around the inlet tube to prevent the escape 
of the valve. The distance which should 
separate these tubes, as well as the weight of 
the ball valve, is determined by experiment. 

In the air chamber above the branch of 
the supply tube is confined a ball valve by a 
cage formed of wires inserted in the stopper, 
as shown at 3. This valve is fitted in the Vial of Four 
manner already described. Liquids. 

The discharge tube extends above the level of the rese 
voir. The reservoir and the tubes are supported by wii 
loops and standards inserted in a base board. 

Water flows from the reservoir through the valve chai 
ber and out at the overflow. When the velocity of the flo 
is sufficient to carry the valve in the valve chamber \ 
against the end of the curved overflow tube, the overflow 
immediately checked, and the momentum acquired by ti 
water causes it to continue to flow for an instant into tJ 
air chamber, compressing the air in the chamber, and cai 
ipg the water to rise in the discharge tube. As soon 




its^at on the over0aw tube, 'atloyiring thO 
ch^ge again, and so on, this interroiUent action continuing, 
so ‘long as there is water in the reservoir. The water dis- 
charged by the riser is only a fraction of that flowing out of 
the reservoir. 

We have already noticed (,Fig. 66) that a liquid will as- 
sume the same level in communicating vessels. The size 
and form of the vessels is immaterial. The smaller one may 
be inclined, curved, or bent in any form and the larger one 
may have a.iy capacity, still the result will be the .same. 


Fig 76. 


Fig 77. 


Flo 78. 



Egg m Fresh Water, 




Egg Buoyed up by 
Salt Water. 


Egg in EquiUbrium be- 
tween two Liquids of 
Different Densities. 


When, however, the vessels contain liquids of difterent den- 
sities, the level will be no longer the same. In such Case 
the lighter liquid will stand higher. 

When several liquids of different densities which do not 
mix are contained in the same vessel, there will be stable 
equilibrium only when .the liquids are arranged in the orde** 
of their densities, the heavier liquid being, of course, at the 
bottom. This is illustrated by the “ vial of four liquids,” 
shown in Fig. 75. A test tube with a foot makes a conven- 
ient receptacle for the liquids. In the bottom of the tube is 



isblutibn of barbonate of potash m water.' 

hoi, colored with a little aniline red to mark the 

the liquids more clearly. The fourth is kerosene ^ 
When these liquids are shaken up, they mix'mechmiicaUy 
but when the tube is at rest the liquids quickly arrailg* 
themselves in their original order, 

The experiment illustrated in Figs. 76, 77, and 78 shOW; 
the effects of liquids of different densities. Two pint turn 
biers or similar vessels are necessary for this experiment 
Half fill one with water and the other with strong brine 
Into the water drop an egg. It goes to the bottom (Fig. 76] 
An egg dropped into the brine floats (Fig. 77). By care 
fully pouring the brine through a 
long funnel or through a funnel 
with an attached tube, which will 
reach to the bottom of the tumbler 
containing the })urc water, the 
water and the egg will be lifted, 
and the egg will float in equili- 
brium at the middle of the tumbler. 

The first experiment shows that 
the egg is a little more dense than 
pure water, the second that brine 
is more dense than the egg, and 
the third that the egg can be sup- 
ported in equilibrium between two liquids of different 
densities. 

The hydrostatic toy known as the Cartesian diyer illus- 
trates the several conditions of floating, immersion, and susi. 
pension in equilibrium. In a tall, slim glass tube, closed at 
the bottom and filled with water, is placed 'a pofcelain 
or glass figure having a glass bulb attached to its head. 
The glass bulb has a small hole in the bottom, and is filled 
partly with water and partly with air, the prqportion of air , 
and water being such as to just allow the bulb to float. 
The top of the tube is closed by a piece of flexible rubber 
tied over its mouth. The pressure of the fingers upon the 
rubber communicates pressure through the water to the air 


Fig. 79. 



The Cartesian Direr. 
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contained by the bulb, causiiifj the air to occupy less s[)ac;c 
and increaang the weight of the bulb in proportion to the 
^dunt of water forced in. As the weight of the bulb in- 
the diver descends, and when the finger is removed 
from the elastic cover of the tube, the air by its own elas- 
ticity regains its normal volume, and the bulb, becoming 
lighter, rises to the top of the jar. 
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CHAPTER VII. 

(lASES, 

Gases arc elastic fluids in which the molecular force of 
repulsion is superior to the force of attraction. Expansion, 
the most characteristic property of gases, is due to this force. 
The limit of the expansive force of a gas is unknown. If 
there were no opposing causes, it would appear that the par- 
ticles of a gas might separate indefinitely. 

The expansive f(>rce of the atmosphere is opposed by the 
earth’s attraction ; the air i^ 
thus in a state of ecpiilihrium. 

The expansibility of air is 
shown by inclosing a small 
quantity of it at atmospheric 
])ressurc in an elastic rubber 
balloon.* and placing the bal- 
loon in the receiver ol an air 
pump, then removing the at- 
mospheric pressure from the 
exterior (d the balloon by ex- 
hausting the receiver. I'he air 
in the balloon will expand, dis- 
tending it as shown in Fig. 8o. 

In former experiments 
illustrating the diffusion of 
gases, it was shown that car- 
bonic acid gas was very mtich heavier than air. by pouring 
the gas from one vessel to another, thus to a great extent 
displacing the air in the receiving vessel, in the same man- 
ner as it would be displaced by the pouring in of a liquid. 
In the ca.se of pure hytlrogcn or illuminating gas, the order 

* The small inflatable balloons applied to the toy squawkers, and which 
may be bought in any toy store for three cents, answer perfectly for this 
'.rinient. 
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of things was reversed ; /. <•., to fill the vessel it was neces- 
sary to invert it, so that the air might be displaced by the 
rising of the gas, which is so much lighter than air. 

To show visibly that one gas is heavier than air and the 
other lighter, a pair of balances may be pressed into 
service. If the balances are not at hand, a pair may readily 


Fk;. Si. 



be made of wire, as shown in the engraving. All the pivots 
should be made V-shaped‘ to reduce the friction to a mini- 
mum. The pivot of the beam should be a little higher than 
the bearing surface of the hooks at the ends of the beam. 
The conical scale pan may be made of paper, by radially 
slitting a disk, overlapping the edges, and sticking them to- 
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gcthcr. The paper box for receivinj^ the gas is five inches 
in each of its dimensions, and is suspended from the scale 
beam by a wire stirrup, so that it may be reversed. After 
bringing the scale to equilibrium in air by placing some 
small weights in the pan, the air contained by the box may 
be displaced by pouring in carbonic acid gas. The box will 
immediately descend, showing that carbonic acid gas is 

Fii.. 32. 



G.IS Wheel. 


heavier than air. .Mlowing the weights in the pan to remain 
the same, the paper box is inverted, when the carbonic acid 
falls out, and air takes its place. 'Phe balance beam again 
becomes horizt)ntal. Now, by opening a jar of hydrogen 
under the box, the air is again displaced, this time, however, 
by the rising of the inflowing gas. When the greater por- 
tion of the. air is replaced by hydrogen, the box rises, show- 
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ing by its buoyancy that its contents arc lighter than air. 
If the balance is allowed to remain for a time, the gas will 
be diffused, and the balance beam will return again to the 
horizontal position. 

To determine the weight of air, a globe provided with a 
stop ebek is completely e.\hausted and weighed. Air is then 
admitted and the globe is again weighed, w^hen its weight 
will be greater than before. The difference bctw'een the 
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Hand (ilass. 


weight in the first and second cases will be the weight of 
the air contained by the globe. 

One hundred cubic inches of dry air under an atmo- 
spheric j>ressure of 30 inches, and at the temperature of 60' 
Fahrenheit, weigh 31 grains. The .same volume of carbonic 
acid under the same conditions weighs 47’23 grains, 100 cubic 
inches of hydrogen weigh 2’ 14 grains. 

Air at the same pressure and at a temperature of 32' is 
about -7^17 as heavy as water. 
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In Fi^. 82 is shown u very simple wheel, to be operated 
by jjfuses. The wheel consists of a disk of light but stiff card 
board, mounted between two corks on a straight knitting 
needle, and provided around its periphery with buckets 
formed of squares of writing paper, attached to the per- 
iphery of the disk by two adjoining edges so as to form hoI» 
low cones, as shown. The knitting needle is journaled in 
wire or w<x)den standards, and lubricated so thaf it .may 
turn freely. Carbonic acid gas may be generated in a 
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Ruhhfi Ftjrced in ward Itv 
Air Pri'^^surc 


< 'rushing Force of tht 
Atmospheri\ 


pitcher and j)ourcd upon the wheel in the mannei illus- 
trated. By making the wheel large em)ugh and carcfull}* 
balancing it, it may be turned by liberating hydrogen gas 
under the mouths of the buckets. 

To exhibit some of the effects of atmospheric pressure, 
all that is required besides an air pump, or aspirator, is a 
large and heavy lamp chiinney. 

The lamp chimney needs lU) other preparation for use 
than the insertion of a five-sixteenths inch tube in the 
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center of the cork and the thorough scaling of the ccirk 
with its tube in the smaller end of the chimpey. 

A very striking and instructive experiment consists in 
exhausting the air from the chimney by applying the suction 
tube of the pump to the tube at the closed end of the chira-* 
ney, while the palm of the hand is applied to the large open 
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Weii(hi Lifted by Air Pressure. 

end of the chimney. As the air is exhausted from beneath 
the hand, the pressure of the atmosphere exerted on the hand 
drives the palm down into the chimney, as shown in Fig. 83, 
and as the exhaustion proceeds, tin; pressure becomes pain- 
ful and difficult to endure. 

It is easy under such circumstances to realize that the 
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atmosphc re has a very appreciable weight. The same fact 
may be illustrated by tying oyer the open end of the chim- 
ney a thin piece of elastic rubber, then exhausting the 
air from the chimney, allowing the external air to press the 
rubber dp\vn into the chimney, as shown in Fig. 84. * 

The disruptive power of atmospheric pressure is illus- 
trated by the rupturing of a thin piece of bladder tied over 
the open end of the chimney, as shown in 
Fig. 85. When the air is exhausted from the 
chimney, the bhidder, if thin enough, will 
burst with loud report. If the bladder will 
not readily burst, the ru})ture may be started 
by puncturing it with the point of a knife. 

in Fig. 86 is illustrated a similar experi- 
ment, in which the inwardly 'pressed dia- 
phragm is made to raise a weight. .V piece 
of rubber cloth is tied over the open end of 
the chimney, and a hook fastened to its 
center by sewing. The cloth is heavily 
coated with nd)bcr cement around tlie sew- 
ing t)f the hook. A weiglu is 'placed on the 
h(H)k, and the air is exhausted as before. The 
upward pressure of the atmosphere raises the 
weight. This experiment illustrates the 
action of a form of vacuum brake now e.x- 
tensivelv in use ; the weight representing 
the brake. 

Tin: li.VKOMlTKK. 

I'he pressure of the atmosphere is plainly 
exhibited in the mertnirial barometer, the .sim- 
plest form of which is shown in Fig. 87. 

It consists of a gia.ss tube about y6 inches 
in length, closed at one end and completely tilled with mer- 
cury, the open end being plunged into a vessel of mercury. 
The column will stand at a height of about 30 inches above 
the level of the mercury in the vessel, showing- that the 
pressure of the atmosphere under ordinary circumstances 
is equal to that of a column of mercury of aboiil the height 
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given. The weight of water being to that of mercury as 
I to 1 3*59, the height of a water column supported by the 
atmosphere would be about 34 feet. 

The original mercurial column experiment of Torricelli 
was followed by an experiment by Pascal which proved 
conclusively that the support of the mercurial column was 
due to atmospheric pressure. It consisted in making simul- 
taneous observations of two barometers, one situated at a 
high altitude, the other at a lower level. It was thus shown 
by the descent of the mercurial column, at a high eleva- 
tion, that atmospheric pressure diminishes in proportion to 
the ascent. 


AN INEXPENSIVE AIR I’CMP. 

The engraving illustrates an efticient air pump for both 
exhaustion and compression, which may be made from ma- 
terials costing one dollar and hftv cents, and with the expend- 
iture of not more than two or three hours’ labor. 

With this pump, the entire range of ordinary vacuum and 
plenum experiments may readily be performed by the aid 
of a few well known and inexpensive articles, such as lamp 
chimneys, fish globes, a tumbler or so, and [neccs of .sheet 
rubber, bladder, etc. 

Fig. 88 illustrates the manner of using the pump. Figs. 
89 to 92 inclusive are sectional views of the pump and its 
valves. Fig. 93 shows a form (jf valve for the compression 
pump, and Fig. 94 shows the application of a foot pedal to 
the pump. The materials required arc as follows: Apiece 
of .so-called pure rubber tubing if inches external diameter, 
I inch internal diameter, and 9 inches long ; a jiicce of pure 
rubber tubing i inch external diameter, ^ inch internal 
diameter, and 5 inches long ; a piece of heavy pure rubber 
tubing I inch external diameter and 4 feet long; two wooden 
valve castings (shown in Fig. 90) ; a .strip of the best oiled 
silk, f inch wide and-8 or 10 inches long; and some .stout 
thread. 

The piece of one inch rubber tube is cut diagonally at an 
angle of about 30'’, so as to divide it into two similar piece.s. 
The wooden valve casing is pierced longitudinally with a 
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onc-.sixteenth inch liole and transversely with a hole 4 inch 
square, and thoroughly shellacked or soaked in melted par- 
affine to render it impervious to air. The h^ngitudinal hole 
is cleared out, and the walls of the square transverse hole 
arc smoothed. One of the walls of the square hole into 
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Testing Simple Air Pump. 


which the one-si.vteenth hole enters forms one valve seat, 
and the other forms the other valve scat. The valves each 
consist of two thicknesses of the oiled silk strip stretched 
loosely over the valve seat, and secured by the thread 
wound around the wooden valve casing. It >^'ill, of course. 


SCIKNCK. 


Ive casinjjs arc phudl in 
1 inch tubes are plac cti in 
)\vn in Fifj;. 89, liie \. lives 
in the same (.lirectien, so 
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work ill. 'Pile beveled ends of the rubber tube are arranged 
as .shown in the engraving, and the inner ends of the 
wt>oden valve casings are lieveled to correspond, so that 
when tiu large rubber tube is placed on the floor and 
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V'alve for Compression Pump. 


pressed by the foot, there will be very little air space left 
in the puin[). The four-foot rubber tube is attached to one 
end of the pump for vacuum experiments, and to the oppo- 
site end for plenum ex[»erimcnts. To avoid any possibility 
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Treadle lor Air Pump. 


of the sticking of the valves, the valve seats are rubbed 
over with a very soft lead pencil, thus imparting to them a 
slight coating of plumbago, to which the oiled^ silk will not 
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adhere. As an clastic rubber pump barrel of the kind tie- 
scribed requires considerable pressure of the fool tc* insure 
the successful operation of the pump, it is advisable to con- 
struct a treadle like that shown in Fi”-. 94. It consists ol 
two short boards hini^ed toitether, the lower one having .1 
shallow g^roove for the reception of the middle |,)art of lue 
pump. The edj^es ol the upper board are bevi'led at alx iit 
the same ant^le as tlie ends of ij inch rubb«. 1 tube. I ne 
width of the hinijed boards should be somewhat less th in 
the lenj^th of the chamber in the pump. A mark is made on 
the side of the lai^jer tube at one end to indicate the top, 
the proper position for the pump being; that shown in 
Fij^. 88. 

The pressure of the foot on the side of the punq) barrel 
expels the air through the discharge valve, and when the 
barrel is released, its own elasticity causes it to expand, and 
while regaining its normal shape it draws the air from any 
vessel communicating with tlie suction valve. 

A vacuum sufficient for most of the ordinary experi 
mental work may be produced by means of this pump in a 
short time. A gauge may be improvised by attaching the 
suction pipe to a piece of barometer tube about 30 inches 
long, and difiping the end of the tube in mercury, using a 
yard measure as a scale, as shown in I'ig. 88. The |)ump 
will be found to compare favorable with jciston pumps. 

When it is desired to construct a [nimp of this kind for 
compressing air or for a low vacuum, the elastic tube form- 
ing the pump barrel may be larger and thinner, and the hole 
thiough the wooden valve casing ma}' be made larger, as 
shown in Fig. 93, and the oiled silk valve may be rejilaced 
by a simple ridiber flap valve, held in place by a single tack. 

The fish globe forms the receiver of the air pump. It is 
closed by the soft rubber disk, which is supjiortcd by the 
wooden disk, the rubber being secured to the wood by ftiur 
common screws passing through the rubber into the wood, 
about midway between the center and circumference of the 
rubber. Both the board and the rubber are apertured to 
receive a five-sixteenths brass tube, provided with a fixed 
collar at the top of the wood, and with a screw collar at the 
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inner cinl wliieli is turned down upon the rubber, clampinsr 
it to tin- wood, and at the same time makiiif^ an air-ti'rht 
joint aroiind the tube. 

riic suction tid)e of the pump is a])plied to the small 
brass tube, and tlu- soft ruljber disk is pressed down iipoi 
the imnith ol the .iLclof)e, when the ojjeration of profhicine- a 
vacuum is l)ei4;un. After a few strokes fif the pumj), rhe 
cover w dl be retained (mi the j^Iobe by atmosptieric jtres^ure, 
and will need no further lioldin^^ by tlie hand. 

A <^reat deal of e.vpcrimental and practical work ma\- be 
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Water Hoiling in Vacin). Hell in Vacuo. 

done with the simple air pump dest ribed in the foregoing 
pages. The apparatus re<piired for the vacuum experi- 
ments costs less than the inunp. It consists of a fish globe 
Gin. in diameter, a disk of thick, soft rubber large enough 
to cover the fish globe, a plain disk of wood as large as the 
rubber, two 3 in. pieces of five-sixteenths inch brass tubing, a 
lamp chimney with a flange on the lower end, a cork fitting 
the small end of the chimnev, a thin piece of bladder, a thin 
piece of very elastic rubber, a small bell, a tumbler, a small 
rubber balloon, some sealing wax. some stout thread, and a 
piece of small wire. 
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The fact that water boils at a temperature below 2ii' 
when the atmospheric pressure is removed, is exhibited by 
placing a tumbler of hot, but not boiling, water in the re- 
ceiver, as shown in Fig. 95, then exhausting the air from the 
receiver. 

The bell suspended in the receiver by a light clastic 
rubber band stretched across a wire fork, whose shank is 
inserted in the tube of the receiver c<,)ver, as shown in big. 
ob, may be ilistinctly heard when rimgin the receiver before 
exhaustion, but after exhausting the receiver, the l)ell will 
Pi be heard leeblv, il at all, 

thus sliowing that the air 
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wluii rarefied is a jH)or 
soiiiul eondueliir. 

riic inabilil \ ( »1 rarefied 
air Id support lile is shown 
bv the experiment illnslral- 
ed b\' big. A mouse in 
file reieixer soon dies when 
the air is exhausted. 

A (U x'iee for use in con- 
nection with the sim])le air 
pump lor desiccating anti 
for icmoving air from mi- 
crostope mounts is shown 
in big. p.S. If consists of ;m 
ortlinarv fruit jar having 
soldered in its cover ;i siiort 


tube, which is adapted to receive tlie suction tube ol 
the air {»umj). blu; tibiecls to be freatt tl are placed in tlie 
jar. the cox er put on and made fight, and the suction J)i]K‘ 
of the itnrnp is ap|iliefl. 

J'hese are mostlv well-known vacuum experiments, 
adapted t<) tlie simplified a|)paratns. 'Phere aie, of course, 
many others tliat may be j)erf(jrmcd xvith etpial facility by 
means of this air pumjn 

With the }>nmp arranged for comj)ression, a large num- 
ber of experiments of a different character may be performed, 
A reservoir will be needed, like that shown in Fig. 99. It 
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consists of ;i piece of ordinary leader, such as may be pro- 
cured from any tinman, it should be 3 or 4 in. in diameter 
and 3 or 4 feet long. Heads are soldered on the ends, and 
all the seams are made air tight by .soldering. A five-six- 
teenths inch tube is inserted in one end, and another in the 
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WithtJr.iwing .\ii tioin M’croscopt- Slides. 

side, "file (liscluir}.(e end of the pump is connected witli 
one of the tubes of the reservoir, and a rubber tube, havlni^ 
at one end a one-sixtcentli inch noz/ie ol metal t»r i;;lass, 
connected with the otiier tul)e oi the reservoir. 1 he air 

Fn.. H9 



EXPERIMENTAL SCIENCE. 


lOff 

may be confined in the reservoir by .doubling the discharge 
tube or applying to it an- ordinary pinch cock. A light 
ball of cork may be supported in the air jet while the nozzle 
is held in an inclined position, as shown in Fig. 99. 

By connecting the discharge pipe of the reservoir with 
.1 spool, in the manner shown in Fig. 100, tl)C familiar expe- 
riment of sustaining a card, together with cm attached 
vveight. by blowing down on the card may be i)erformed. 



Hall L'x}Kriniciir. Card Experiment. 

A pin passing through the card into the central aperture of 
the spool prevents the card from slipping. 

Fig. loi shows a simple way of exhibiting the ball 
experiment. The ball is held in the concavity of the spool 
by blowing forcibly outward against it. 

In these cases the air issues in a thin sheet, which 
adheres to and carries away the air adjoining the upper 
surface of the object supported, thereby jjroducing a par- 
tial vacuum into which the object is forced by atmospheric 
pressure. 
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In Fig. 102 is shown an atomizer which may be used 
in connection with the reservoir and air compressor for 
atomizing liquids for various purposes. In the present case 
it is represeiited as an atomizing petroleum bunier. A bur- 
ner of this kind yields a very intense heat, and produces a 
flame 2 or 3 ft. long. The oil in the vertical tube adheres 
to the air forced through the horizontal tube and is carried 


Fig 102 
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forward with the air in tlie form ol iine spray, which readily 
burns as it is ejec ted Iroin the no/zle. I lie \ aeiuini formed 
in the vertical tube is .supplied by oil loreed up by atmo- 
spherie pressure. 

.VSfIRATOKS I’OK I.AIU IK.VTC )KV I'SK. 

Wherever a head ol water of ten feet or more is avail- 
able, an aspirator is by far tlie most convenient instrument 
for producing a vacuum for filtration and iractional distilla- 
tion. It is also ada[)ted to a wide range of physical experi- 
ments. 

Besides the advantage of convenience and compactness, 
the aspirator has the further advantage over piston air 
pumps in the matter of cost. It may be had at prices 
varying from $1.50 to $4 or $5. " 
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Two kimls arc in ifencral use — one ol ji’lass, known as 
Bunsen's filter })unij), and shown in I'iys. 103 and 104; the 
other of brass, shown in Fi^s. 105, lob, a 'd 107. 

The j^lass aspirator can b<.- jinrehased of almost any dealer 
in dru^’j^ists suiHlries or chemical ylasswarc. Any expei’t 
g’lass blower can make it in a sho 7 1 time. 

This instrument consists ot an elongated buib terminating 
in a crooked tube at the bottom and having,- a taperinj^- nozzle 





inserted in tlie top and welded I'he lower end of the nozzle 
is located directl\ ojiposite and near I lie crooked dischar^’c 
tube. A side tube is tdimecfed with the bulb at a point 
near the junction of the nozzle and bulb. 

This aspiiator is used in the manner indictited in Fij;. 104, 
i. the U[)ward extension of the nozzle is connected with a 
ta[) by a short piece of rubber tubini^, and the side ttibe is 
connected bv a piece of rubber tubing with the vessel to be 
exhausted. When the water is allowed to flow throuf^h the 
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aspirator, it. leaps across the sjuicf between tlic nozzle and 
discharge tube and cirries with it, by afliiesion the aii' 
froin the ])ulb, which is coJitinuallv replaccfl bv air fnan 
the vesstl l)ein^ e\hauste<l. 

It is necessary to sc( urely lasien the encK ol the rubi>er 
lube connected with the ta[t, or the u atr r pi (■''Mire ma\’ lon e 
it off, thus causiii”' the breakini^ of the iii'-t ruinent. To 
secure tlie best eftei is with thi^ pump, it i> nece'-''ary oh 
connect a yertical tube j; to y, tert lonu' with the di‘'t;hanj:e 
end of the ]iump. 

riie metallic aspirator sliown in bii;s. 105, ic/’i. and K.pis 
ol course Irc'c from all danifer of beinp'' broken in use. ami it 
has other (jualities wiiieh render it Fe, v>: 

superior to tlie i^lass iimt rumen;, one . 

of which is a much hi^-her t flici<,‘nc\ , ’ ; 

anolhc'i' is it^ ability to retain the ya- 

cuum should the flow ol water b.- ac- ^ r.-. 

cidentally or pur])osel\ (tis('ontinned. --- - j 

It can be screwed directly on the , 

■ 

.yater tap, and needs no additional 

pipi' to cause it to work up to it^ full p ■;! 

cajiacitx'; and where a head of water | 

is not availatile, it ma\' be inserted in I 

a .siphon having: a vertical height of , 

ten feet or nuu'e. ; 

d'his instrument is known as the b 

Chapman aspirator. Like all in'-lrn- rh.ii'm.m’s \.';.ii,uoi. 
inents of its class, it is based on the piinciple of the' tiitiard 
injector. The constnution ol the aspirator is shown ni 
.section in Fiy;. 105. The water enters at .\, as iiuiicated bv 
the arrow. The air i-nters at B. and both air and water 
are discharifed at C. The water in ifoiipu' through tlie 
contracted passai^e forms a yacuum at the narrower part 
into which tlu- air enter.s. The startiiii;' of the instrument: 
is facilitated by a diaphraspin w hich Inill closes the discharge 
tube. The water is [ueyentetl from enterinii' the air pijx' by 
a small check yahe shown in the interior of the lateral tube. 
Much of the efficiency of this instrument is due to the 
accuracy with which the contracted pa.s.sage is formed. .V 
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slij^ht change in the shape of this passage serionsly aileeis 
the results. 

The vacuum produced by this aspirator is equal to that 
of the mercurial barometer, less the tension of aqueous vapor. 
That is to sav. when the barometer is at 50 inches, the 
vacuum producetl bv the aspirator will be about 2 (ji inches. 
Such a vacuum can be {)r()duced by water under a pressure 
of live and one-halt pounds. 

In I'ig. u'>^> is slu^wn the aspirator applied t>i a («i-i-".ler 
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It <jiii( ixU' r\liau^t^ ;iii S inch so that the dis- 

char!»:c ol an IndiuMion i-oii will readily i>ass throui^h. By 
{)lacin<^ a tee in tlu' ronneetinjj; pipe, the (ieissler tube can 
l)e tilled with dilf(*r('?it leases. h>a( h w ill exhibit its peculiar 
color as the spark i)asses. 'Idu' vacuum is not hi^h cnouj^h 
for a perfected Oeissler tube, but it is sufficient tor the 
greater part of vacuum experiments. 1 he aspirator can be 
arranged to produce a continuous blast sufticietit for the 
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ojK ration of u bl<)vvpij)c, and for other ubcs reciuirinj^ a 
nuxlerate amount of air or gas under pressure. 

The method of accomplishing this is illustrated in Fig. 
107. The instrument is arranged to discharge into a bottle 
or other vessel having an overflow, and the air for the blast 
is taken out through the angled tube inserted in the stopper 
of the bottle. The amount of air pressure is regulated by 
the water pressure and the height of the overflow pipe. 

For many vacuum exj)eriments a plate provided with a 



central aperture, ami having a tube extending from the 
aperture to the edge ol the plate, will be found useful. The 
tube is provided with a suitable valve, which closes ('ommu- 
uication with the aspirator, and which also serves to admit 
air, when reejuired, to the receiver fitted to the plate. This 
j)lale and various accc.ssories arc like the plate and acces- 
sories of a piston air pump. Communication is established 
between the tube of the plate and the aspirator by means of 
u i)ure rubber tube, which is practically aii'-tight. 
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MOUTH VAUUUM AlTAkATUS. 

Although the vacuum apparatus already described is 
very siiujfle, it is ijuite praclicai)le to pertorm many evperi- 
ments ot this class by u^ing the mouth as an air pump, 
dis[)ensing almost entire Iv witii nu chanism. Tlie operatioM 
(>i producing a partial vacuum i> lacilitated by emplo\ iny a 
valve such as is shown in t!\e leit hand figure of I'ig. 

This valve consists ot a thick tube ot hard wood, having a 
PiP bore ol about inch. 

One end ot the tube i' 
Corrugated to receive a 
rul)b( r pipe, and over tin 
other '.'ud is tied a valve 
ol elastic rubber. l>v 
connecting t li i s valve 
vv ilh a .vlop])ed glass tube 
by nuaiis of a Ilexible 
rubber (ii]K and a let 
tube in tlie m a n n '• t 
sliown, and then sucking 
tlie air tlirough the val\i, . 
a jvartial vacuum may br 
(piickly formed in the 
tube. The vacuum will 
be retained by the valva , 
so that when the valve i^ 
fliscoimected fn;mlhe jet 
tube, w bile the latter i'' 
immersed in water, the 
pressure of the externa! air will caiisv' the water to enter the 
glass tube through the jet in the lorni of a fountain. It is 
obvious that many of the foregoing experinumts may be 
tried in a similar way. 

ANCIENT INVENTIONS Oi'E-kATEl) l:V AIR ERESSURE. 

More than two thousand years ago, Hero (or Heron j, 
a philosopher and mathematician of Alexandria, invented 
the fountain shfiwn in the annexed engraving, riiis device, 
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Hero's Fountain. 
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because ot its antiquity, as well as its simplicity and com- 
pleteness, is v'cry interesting and instructive. 

As represented in the engraving, it may be classed with 
toys, or at most regarded as only an apparatus for illustrating 
a scientific principle; but it is more than this. It is the pro- 
genitor of a number of modern inventions for raising water 
and producing air pressure. 

The curious feature of the apparatus is that it apparently 
causes the water to rise above its ow n level bv its own pres- 
sure, but such is not the case. Its action is due to the trans- 
ference of the pressure of one column of water to another 
column of water at a higher level, through the medi’.im of a 
column of confined air. It is as truly a case of the a[)plica- 
tion ol cKternal power as it wuuld be it a steam air comjtre.s- 
sor were applied. 

J'he water to be elevated is contained by the upper bulb, 
which communicates at its lower side with the fountain 
iKtzzle, and at its u|)pcr side w ith llie downwardly curved 
lidte connecting with the top ol the lower bulb. A tidte 
connecting with the lower side ol tlie lower bidi) extemls 
ujiward to the levi 1 ol the upper bulb, and terminates in a 
tlai iiig cup. 

riie upper bull) iiaving been tilled with wali’r and the 
lower bulb with air, the iountain is started bv pouring a 
small (piantUx of water into the cup. which b\' llowing down- 
ward through the tidje connected with the cup exerts a 
pressure on the air contained \)\ the lower bulb. 'Fins pres- 
sure is e(|ual to the weight ol the column ol water in the 
tube. The air pressure thus created is transfernal t(> the top 
of the upper bulb bv the air column rising from the lower 
bulb through the tube connecting the two bulbs, so that the 
pressure of the water column de.scending from the cup, less 
a very small allowance for friction, is effective in forcing 
the water f)ut of the ujjper bulb through the iountain nozzle. 

The proper inclination of the a[)paratus directs the waiter 
jet so that the water falls into the cup and replaces the water 
used in creating the air pressure in the lower bulb. 

When the lower bulb is filled with water, and the wafer 
has been entirely discharged from the upper bulb, the action 
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of the apparatus 

invei tiiiK the fountain, all ^ ^lllljf il5< 

run into the upper or water bulb, tftcn hr 

tioiiriiiif «'i little Witter into the cup- t * 

' [’h^ lvic. was en.rloyc.1 durinK the last 

devatin^^ water in tlie mines of Hun^Mry. 

In I'iK- 1 1 > is shown an interesting ntodtftai turn oi Hero -t 
founfain. The aj)j)uratus is made of f;fass, to illustrate th< 
principle on which it ofteratvs. It consists of a volute coil 
of tubiiife connected at its center with a hollf)W shaft that 
communicates with a hollow jouinal box, from whicfi a stand- 
pipe rises. When this coil is turned in the direction indi- 
cated by the arrow, water and air assume in the coiled tube 
positions relative to each other as shown in (he engraving'; 
the water heinj^ arranged in a series of curved columns on 
one side of the center of the wheel, the air bein”’ corre- 
sponditij^lv <lispose(l on the opposite side of the center. The 
height to which the water will be raised by this machine is 
equal to the sum of the lieij^hts above their upwardly curved 
lower ends of all tlie curved columns of water contained bv 
the coil. It will be noticed that the pressure of one curved 
column of water in the coil is coniinunicatcd to the next 
throuijh the intcrveniiiij air, which weij^hs practicallv 
nothinj^. 

riiis machine was invented by Wirtz, ot Zurich, in 1746. 

“ In 1784 a machine of this kiiui was made at Arch- 
anj^elsky that raised a hogshead of water in a minute to an 
elevation of 74 feet, and through a pipe 760 feet long. ” 


INERTl.A OF .MR. 

.\lthough air is a light and extremely mobile fluid, it has 
sufficient inertia to permit of the flight of birds, the opera- 
tion of windmills, and the propulsion of sailing vessels. The 
aerial top shown in Fig. 112 is dependent upon the inertia 
of the air. This b)p is simply a metallic screw wheel, 
adaj)ted to be revolved by means of a string in the same 
manner as an ordinary top. 

With the application of a sutticient amount of force, this 
top will rise to a height of 150 to 200 feet, Jt can hardly be 
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Fig. III. 



Wift/Zs Pump. 
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called a machine, as it docs not carry its own motive 

j)ower. In the next illustration, however, is shown a flying 
machine which in one sense carries its own power, that is, 
stored power. 

It consists of a light frame furnished at one end with a 
slender rattan how inclosed in a little Fio. 112. 

bag of tissue paper, which forms a sort 
of rudder when the fly-fly ascends, and 
opens like an umbrella when it descends, 
lorming a j)arachute, which greatly re- 
tards the tall. In tlie crosspiece ol the 
opposite end is journaled a little shaft 
formed (h a wire having 011 its inner end 
a loop receiving a number of rubber 
baiuK, which are fastened to the o|)])osite 
eiui ol the frame. To the outer end of 
the little shaft is secured a j»ic('eof cork. .Aerial Top. 

in which are in.serted two leathers inclined at an angle with 
the plane of the shaft's rotation, and oppositely arranged 
with re.spect to each other. 

By turning the propeller wheel thus formed, the rubber 
Fu.. 113. bands are twisted, and .suflicient power 

is stored in them to turn the propeller 
wheel in the direction opposite to that 
reciuired tor winding, and thus propel 
the device through the air. 

Ain't her device still more nearly ap- 
proaching the iileal flying machine is 
show u in the annexetl cut. Fig. 1 14 being 
a perspective view ot the entire bird, 
and Fig. 1 lyrt an enlarged perspective 
view of the working parts. It is kmiwn 
lilt- Fly-l'lv. as Fenaud's mechanical bird, 

ft is a jirettv toy. imitating the flight of a bird very well 
indeed. It soars tor a few seconds, and then reejuires 
rewinding. Two Y-shaped standards secured to the rod 
fo:ming th.e backbone of the ap{)aratus support at their 
upper ends two wires, upon which are pivoted two wings 
formed of light silk. The wings arc provided with light 
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stays, and are connected at their inner corners with the 
backbone by threads. In the Y-shaped standards is jour- 
naled a wire crank shaft carrying at its forward end a trans- 
verse wire forming a sort of balance, and serving also as a 
key for winding. The inner end of the crank shaft is pro- 
vided with a loop to which arc attached rubber bands which 
are also secured to a post near the rear end of the apparatus. 
T wo connecting rods placed on the crank are pivotally con- 
nected with the shorter arms of the levers of the wings. 
The rear end of the backbone is provided with a rude er. 
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The rubber bands are twistctl by turning the shaft by 
means of the cross wire.* When the shaft is released, it is 
turned by the rubber bands in a reverse direction, causing 
the crank to oscillate the wings, which beat the air in a 
natural manner, and propel the device forward. The prin- 
ciple of the inclined plane is involved here, but the plane, 
instead of being rotated, as in all the cases mentioned above, 
is reciprocated. 

The toy boomerang, which is, in some respects, similar 
to the regular article, cannot perform all the feats with 
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wliicli llic more pretentious implement is credited: but it 
cim be projected, and made to return over nearly the same 
path. 

The toy boomcraiiiLj is made of a piece of tou^h card- 
board cut on a parabolic curve as shown in the enj^raviny-, 
one arm of the I)oomcran^ beiii”- a little Ioniser than the 
other. When laid on an inclined surface, as shown in the 
enj^ravinj^, and snapped by a pencil held firmly in one hand 
and drawn back and released l)y the tinjrcrs of the f)ther 
hand, the boomerang- is set in rapid rotation by tlie blow, 
and is at tlu' same time 
projected, the first ])art of 
the trajectory bein”- practi- 
callv in the continuation of 
the plane’ in which the 
boomeraiiij is slarfetl; luit 
when the momentum whicli 
carries it lorward is ex- 
hausted, the' boomerang; still 
j’evolves, and maintains its 
plane of rotation, so that 
w hen it iH’^ins to fall, in- 
stead ol deseribiiii;' the same 
trajeetorx as ordinarv |)ro- 
jeetiles, it makes a circuit 
to one side' and comes back 
toward the itoint ol sta 't- 
iiii;'. riic llatne'Ss or enrv- 
atnre of the boomeran>i;‘ and the form of its eci^es, as 
well as the position in which it is placed for startin;:;, anel 
the spceel anel manner of startinj^,’, all have an elTec't in 
eletermininj;- the outwarel as well as the return course of 
the [irojcctile. 


Fii. Hi. 
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VOKTKX MO'rie).N. 

Every one has noticed the symmetrical wreaths of smoke 
and steam occasionally jneijectcel hi^-h into the air on a still 
elay by a locomotive; similar rini^s may often be noiiced 
after the firing of a gun. it is not imceinimeni to see a 
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smoker forminj^ such wreaths with his mouth. These rings 
are simph' whirling masses of air revolving upon axes curved 
in annular form, the smoke serving to mark the projected 
and whirling body of air, thus distinguishing it from the 
surrounding atmosphere. The whirls would exist without 
the smoke, but they would, of course, be invisible. 
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All the apparatus needed for ])roducing vortex rings at 
will is an ordinary pa.steboard !iat box, having a circular hole 
of 4 or 5 inches diameter in the cover. Two pads of blot- 
ting paper are prepared, each consisting of six or eight 
pieces. Upon one pad is jioured a small ciuantity of muriatic 
acid and upon the other a similar quantity of strong aqua 
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ainiiKinia. 'riiesc pads arc j)laced in the box and imnicdiatcly 
a wliitc cloud is formed, wdiich consists of particles of chlor- 
ide of ainmoniuni so minute as to lloat in the air. 

B)' smartly ta]>])inj^ (jjjposite sides of the box, a puff of 
air is sent throuj^h the circular openinj^ of the cover, carry- 
iiii^ with it some of the chloride of ammonium. The friction 
of the air against the ed^es of the cover retards the outer 
portion of the projected air column, while the inner poriion 
[)asses freely throuirh, thus imparting a rotary motion to the 
hodv of air adjoinin'^ the edi^e of the cover, the axis of 
revolution lieiii”' annular. After the riny is detached, the 
central iiortion of the air column continues to jiass throui^h 
it. tiuis maintainin<^ the rotar\- motion. 

When two rinys are projected in succession in such a 
manner as to cause one to collide with the other, tliev behave 
much like elastic solid bodies. Bv making’ the aperture in 
the box cover elliiitical, the rinys will acipiire a vibrator^' 
motion. 

By fastening the box cover loosely at the corners, the 
box may be turned upon its side and riiiys may be projected 
horizontallv. 

It is obvious that smoke mav be used in this experiment 
in lieu of the chloride of ammonium. 
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u \i‘. 

1 lu‘ >tu(lciit <){ act HI''! K'x iK'cd ilot i^'o hfvond tlu* i\*alni 
of > \ ^ [nv much t)f Id^ uvpcTinuailal apparatus. 'I'lu' \ arioiis 
t(>\ mu^icvil instruincnt'> an' cai>a!)lr ot illust i atini;' mam- ol 
the phunomeua mi snuud \i.r\ sat islacti)ril\ . it not (juitu as 
wull as sonu' <>t tiu.‘ nioix* j>n‘tmiti(Uis a[>paratus. 

tlu* c‘ar, and is prodiu'rd l)\' 
'-»)!!( >rt uis \ i 1)1 at lulls ul tlu* air. 
!t ma\ he in the nature ul a 
MU le nui'-t*. diK* lu in eLi'iilai 
\ ihrat u an. like 1 lu* ik )ise ( >1 a 
w aL;un tai tlu* sti et‘1, ur it ma\ 
he a ^har| > t lack or <‘\plusi( > 11 , 
like t he ( i ac ki in; ol a whip ( a 
like* tlu* ‘^taind |)ruduc‘(*d h\ 
t h<* • ul 1 isioii < )( sol it I ht )d ic*s. 
The < Lii >pei s. or ht hk*s, with 
w !iu h alj hu\ s arc* lamiliai*. arc* 
an c \vim I )lc* ui a c lass ut 1 1 »\ ^ 
w ide h ('r< ate sound h\ t t ai- 
( nssiuiM and t he* siua c'ssion ol 
staiiids pr( )du( cal h\' the c lap- 
pers are irn*L^ailai', and c'lcarU 
distinct trom musical sounds. 
.Xsiuaession cd suc li sounds, 
althoucdi i)i\ urrini;' w ith c'onsidcTahh* lr(*(|ucncv and |)C‘rlc('1 
rcirularit \', will imt hec'ome musical until made witli sulfi- 
eicnf rapiditx* to hiiny* them within t lu* |K*r(*eption ol t he 
car as a jjiac ticalh' continuous sou lul. d'he rattle, or cric'kc t, 
produces a reiL^ular hut unmusical sound. 

The w'oofic'u s[)rin|.js of the crick(*t snap fnnn one ratche t 
tooth to another, as tlie l)ody ot tlie cricket is rai)idlv sw uiu; 
around, inakin<j a series of ru'^-ular taps, which, take!) all 
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tr).sxclhci-, make a lerritie noise, havin;r none of the character- 
istics (tl musical sounds. 'I'hat a musical sound may be 
made bv a series ol taps is 
illustrated bv the bu//,a lo\ 

I ( (iisist in^ < >1 a disk < »t tin 
liaviii”' mUched fd;.;i-s and 
pr<)\ ided \\ ifh two holes on 
diamet ricall V o]»posite sides 
ot the cent(‘i', and fuitiished 
w ith an i-ndless cold passintj 
through the holes. I'lie 
disk is rotated bv pullinw' 
in oppfisite directions on the 
t w isted endU’ss <. ord, allow - 
iiii; the disk t<» f w ist the 
cord in the reverse direc- 
lion, then a^ain pulliiii^ the 
cord, and so ( m. 

II. w bile tlu‘ disk is l e- 
solvini;- rapidly, its peripherv is brouf,d)t into liwht contact 
with the edi^e of a piece of paper, the successive taps of the 

teeth ol the disk u[.>- 
on the pa]>er pro- 
duce a shrill musical 
sound, which varies 
in j)itch according- to 
t he sjieedof the disk. 
Such a disk mounted 
on a shatt and rc- 
volvetl r a p i d 1 v is 
known as .Sa\ art's 
wheel.* 

It is ascertained 
bv these esperi- 
ments that rejiular 
vibrations ot sidh- 
cient Irecpiencv produce musical sounds, and that concus- 
sions, irreyular vibration.s. and regular vibrations having a 

Sf(‘ ('ll ipiri oil o\ pcriini'nts wiiii ihc sciciuihc lop. 
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slow rate, produce only noises, it luis been determined 
that the lowest note appreciable l)v the ear is produced by 
sixteen complete vibrations per second, and tlic hij^hest by 
24, OCX) complete vibrations per second. 

VlllK.M'IXO ROMs. 

The zvlophone and metallophone arc examples ot musical 
instruments empl(»vin>i' free vibratiiii; rods supported at. 
their nodes. The /\ lophoiic con.^ists ol a series ol wooden 
rods of ilifTerent lengths, boreti transverselx at tlieir nodes, 
or p.oints ol least vibr.ition, and struu”' too-ctlier on cords. 
The instrument mav either l)e suspended by tlie cords or 
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laid upon looselv twistf-d coids situated at the nodes. IJn’ 
passinu the small spin rii .d wooden m.dlet aceompans incj 
the instrument o\er the wooden rods, \e;\ agreeable liipiid 
musical tones are jnodmed ()v the vibration of the rods, 
and when the rods are strm k by the mallet thev vield tones 
which are verv pure, but not proloncjed. 

The cheaper forms <4 xylophone are tuned by slitting the 
rods transversely at their centers on the under side, by 
means <.»f a .saw, to a depth reipiired to i^^ive theun the flexi- 
bility necessary to the production of the desired tone.s. 
The rods are divided by the nodes info three vibrating j)arls. 
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the support of the entire series of bars. The resonator is 
tapered both as to width and depth, and serves to jj^reatly 
increase the volume of sound, althougli it dt>es not act as a 
]H‘rfoct restnuitor for each bar. 

When a bar is struck, its downward movement produces 
an air wave which moves downward, strikes the bottom ol 
the resonator, and is retlectod upward in time to re-entorce 
the outwanilv moving: air wave produced bv the ujovard 
bendiiiii’ of the bar. 

The metaliophone yields swet'f tones whu ii are (piite 
ditTerent in (}ualit\' from those produied bv the vibration ol 
woollen bars. 

riie musif box lumislu s an i xample of theelass of instru- 
ments in which niusical souiuls are produced l)\ the vibra- 
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tion ol free reeds or tonutuc' ri^^idlv held at one end and 
free to vibrate at the other end. I'he longues of the 
music box are made b\ slitting- the ed;^e of a steel plate, 
formin'^ a comb, which is arran<red with its teeth projectinjjj 
into tlie paths of the j)ins of the evlinder, wliich are dis- 
tributed around and alon^; the cylinder in the order neces- 
sary to secure the reipiired succession of tones. The 
en<fa,:fement ol one of the pins of the cylinder with one ol 
the lonj^ues raises the ton<i;ue. which, when liberated, yields 
the note due to its position in the comb. 

The tongues are tuned by filing or scrapinj^ them at their 
free orlixetl ends, or bv loading them at their free ends. In 
this instrument the sonorous vibrations are ])M)duced by the 
tonf^ue, which itself has the desireiTpitch. 
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111 reed instruments the sounds emitted by the reeds are 
p^rcatlv strcnjfthened by resonance. The mouth orj^an or 
iK.rmonica is a familiar example of a simple reed instrument 
without accurately adjusted resonators. 

K;' . i2t. 


The Huelc. 

W’lu ii reeds are employed in c<»nnection with resi/nating 
pij)es. as in the ease- ol the reed pipes ol an origan, the pipe 
s\in hroni/es with tlie reed, and re-eiiforees the sound. 
When the lated is very stiff, it commands the vibrations ot 
the air column, and when it is verv flexi- ra.. 125. 

ble. it is controlled bv the air c<dumn. 

rile horn is a l eed insti ument in which 
the li])s act as reeds, and the taperinj;- tube 
"serves as a resonator. 

i.( t.\(;iTt i)i\.\i. viiiK.vriox of rods. 

The fore^oinj:; are examples of the 
transverse vibration of <k1s. I he annexed 
liyvires illustrate apparatus in which the 
lon<];-itudinal vibration of rods is shown. 

Bv ijraspin^' a steel rod at the center 
between the thumb and tmj’er. each ol its 
two ends beinj^ free, and strikiiiij it ujion 
the end with a hammer, the rod can be 
made to \ ield a sound of very his^h [litch. 

iiv holdinij: one end tirmlv in a vise, and , . „ , ,... 

, , . , .. Longitudinal \ ibr,v 

skillfullv rubbinj;- the rod. bv pulhny: it „ non of a Steel Rod. 
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between the finirers with a cloth or piece ol leather coveo'd 
witli powdered resin, a note an octave lower will Ik* eiuitti I. 
Marloye’s harp, shown in l-'i^-. ijP. drpends upon I jc 
F i,;. ij! Ii>ne;itndinal vibration >1 

rods, riiis instrniiient com 
sists of a nutnbei' ot pin r« '< 1" 
ol dilferiMil ienetli'' inseit' d 
in a ^onndine" box or solid 
l)lock ol wo( k 1, and tuned b\ 
cutlinu' them oil at sncii 
leiii^ths as to cause tiiein to 
yiehl tlie note's ol the,..,c}ia- 
tonic scale. The instrument , 
is played by nibbinfj; thej 
rods lenjj^thwise by the! 
thumb and rtnjjer covered; 
with powdered resin. The 
sounds produced bv the 
instrument resemble those 
of a llute. 

I'll'l-.s. 

.Marlovc's H.arp. '|'|n. ancient I’andcan 

{)ipes present an e.xamph' ol an instrument lormed ol a 
scries of sto|)ped pipes <,1 (iiffcrenf leii'^ths. The-se [)ipes 

F!'.. 127 



Pandean Pipes. 


are tuned by movinf^ the corks by which their lower ends 
are stopped, and the air is aj^^itated by blowing across the 
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end ol llic lubts. I lic is an (»])tn in which 

lilt* air is scl in vibration bv blowing a thin sheet of air 
thron>^h ttie slit of thi; nionthpiece against the thin ed^c of 
the <i|»|»osiu* side of the eniboin linic. I'lie rate of the fliit- 
lerintc jirotbutal by the air strikin'^ upon the thin edt^e is 
deicnnined by the length of tiie pipe of the instrument, the 
length beiii)^ varied to jirodin e the different notes, by uj)Cn- 

ri'o }'j'. 



fnjr or clo.sing the finger holes. I3y comparing the flageolet 
with the Pandean i>ipes. it is found that for a given note 
the open flageolet pipe must be aluiut twice as long as the 
Pan pipe. Wlien all the linger lioles of the flageolet are 
closed, it is then a simple opi*n pipe, like an organ pipe, and. 
if comjiared with the Pan pipe yielding the same note, it is 
found to be just twice as long as the closed j)ipe. If, while 
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the holes are closed, the open end ol the flageolet pipe he 
stopped, the instrument will yield a note an octave lower 
if the blowing be very gentle. These experiments show that 
the note produced by a stopped pipe is an octave below the 
note yielded by an open pipe of the same length, and the 
.same as that obtained from an open pipe of double the length. 

The ocorina is a curitnis modern instruyient, of much 
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the same nature as the flageolet. It is, however, a stopped 
pipe, and shows how tones are modified by torm :m<l 
material, the latter l)eing clay. It produces a mellow tone, 
something like that of a flute. 

STRIX( ;i: I) INSTKf M I NTS. 

The zither, now made in the form of an inexpensive and 
really serviceable toy. originated in the PvtoI. It lonsists 
of a trapezoithd sounding board, provided with bridges, 
and having 24 wire strings. 

Its tones are harp-like, and witli it a profieient player 
can j)roduce agreeaf)le musit'. Miich ot tlie naturi' ol the 
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vibration o{ >Ntring-> ma\ be e\l)il)itef| bv meansof this instru- 
ment. ()n riainping one ol the strings b\ placing the tinger 
or a pencil lightly agaifist its < enter, aiul vibrating the string, 
at the •'.'line time remo\ing the p<-n( il, the string will yield 
a note whit h is an ot t.ive higher than it'- Inndamental tiote. 

Fly examining the string tlosdv, it will be ast ertained 
that at the center then- i-- apparentlv nf» vibration, while 
between the center anti the entl'- it vibrates. I'he place of 
least vibration at the t enter ot the string is the node, and 
between the node anrl the eiuls (»l the strings are the venters. 
It will thus be seen that the string i> practically divided 
into two e(]ual vibrating segments, each of which produces 
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a note an octave lii^ln r than that ot tin open strin^^. fhat 
the note is an octave hij^her than the funflainental note 
niav he detenniiK'd by coin])arin<^ it with the note of the 
strinjj; which is an octave al)ove in tlie scale of tlie zither. 

liv (lanij)iitLC th<* string- at llic taid of )urt h of it- 

.!( tlu- rtanainin;^ portion ol the strin::; clivick*'^ it^ch int(‘ 

thrt‘(‘ xa ntral scf^nuaits, with two nc^dc s be tNsa/cn. * 

d'ht.* division of tlu^ string* into nodt-s and venters occur-' 
wlicncvta* tli(‘ strint^* is vi!)ratcd, and aii o; tlu* nr^tC'- other 
than tlu* liindanuaital arc known a-* liarnionics, and impart 
the sound of the string; its (pialit \ . 

Bv tuninj^ tlu* tir^st tw< strings in unison, the' \iination 
mI oiu* string* hv svnijiathv with the other ^triiiL;' inav be 
siiow n. 


« OM M ( 1 n )\ . i! \ I ». 

'Tlu >trini;* leh phone, altiu»ucit lea a nm^ical instrument, 
nor ('\en a sound producer, < vlubit^ an iMtei”<‘st ini;* leaturt' 
u'l the coudiu'tion o! souiuK. b consists two short tube** 
(U* mout Iipiec'c’s, eac h C(>\c*rcdi at one ciuj with a taut parcii* 
ment diajihrauui. t lu* t w * » dia* I : . .. 

phrae'ms be i n couiu*<tcdl 
with a >1 out t hi c ad. d) y 
^tret('hlni;■ the thi c ad s* • a*- io 
r(*ndc‘r it taut, a con vc I'-atu ‘U 
mav be* c at ric'd <‘u « w (. r cpiite 
a lout; distance*, by lalkini;* in 
OIK* instrument and listeninij 
at tlu* otlu*i . riu* \ ibration 
ol one diaphia^an, due to tlu* 
impact ol sound waves, is 
transmitted to the other dia- 
j)h rag’ll! i>\ the thi'ead. Sirius: Tc'lc'plsoiu*. 

In tlie tovs illustrated we ha\c* a representative of the 
Savart’s w heel in the bu// : of the pipe organ in the Pan 
pipes, the tlageolc't, and the mouth organ: of band instriu 
ments in the bugle: and of the piano, harp, and othei 
stringed instruments in the zither. 
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11AKMI,)X1C VIliKATlONS. 

Impulses which, occurrini^ sinijly or at irrcf^ular inter- 
vals, arc incapable of j)ro(lucing’ anv noticeable cflects mav, 
when made res^ularly, under lavtuable circumstances, yiehl 
astonishinir results. The rattlinir of church windows bv aii 
waves generated bv a i>articular pipe of the orijan. a bridge 
strainetl or broken by the rey^ular tiainp of soldiers or by 
the trottinj^ of horses, the vibration of i >i\ or eight story 
building bv a wagon rumbling over the pavement, a lactorv, 
vibrated to a dangerous degree by maihincry contained 
within its walls, a mill ■'hakt ii from loundation t<> rooi b\ 
air waves generated b\ wat'. r tailing ovei' a dam. arc all 
familiar example'- <>( the j tower ot regular or h.irmonic 
vijj cations. 

Harmonic vibration^ rcMiir trom regularh leeuiaang 
impulses, which may be \ery slight indeed, but when the 
eiTecls of the im[)ulse^ are addc'd one to another, the aciaan 
Illation of power is someliuies very great. 

To secure cumulative eilei tN. the impulses ituist not onl\ 
.te regular in their occurrence, but tlu' boily receiving the 
i.npulses must be able to resjmnd. its vibratorv period must 
correspitnd with tiie jterioil ot the imjtnlses, and, further 
tlian this, the impulses niu-t bear a l ertain relation to a par- 
ticular })hase f>i the \ ibr.if ion. in otfler that the\ mav act 
iijion thi; vibrating bod\ in sik h a wax as to angmcnl its 
motit.)n rather tlian diminish it. 

There are railroad bridgi.s th.ii vibrate alarmingiv when 
crossed bv locomotives running at ;i i ertttin speed, the 
vibra.ti<jns being caused bv the ( oni[iarativelv slight lack ol 
balance in the driving wheels and ronneiting i ods. i’'or 
this reason the .speed is restricterl on such bridges. 

During the carlv tests of the liast River bridge between 
New York and Brooklvn, it was found that the strmturi 
w:is so massive and its vibratorv period so slow that it could 
not be injuriously afiected bv the in.arching of men or the 
trotting of horses; conseijucntlv, travel procecfls on this 
bridge ;is upon any highway. 

.\ well known hinglish physicist is re|)ortcd to have sat’d 
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that with suitable appliances he could break an iron •girder 
by peltin}^ it with pith balls. An ex]>critnenl of this kind 
would certainly show in a strikin}^ manner the effects of 
very slight rhvthniic impulses. As if is manifestly imprac- 
ticable to perform such an experinu nt, an easier method of 
illustratiufT harmonic yibrations must l)e souj^hf. 

In the accompanyinjx enf^ravini^s, 132 shows how ' 4 . 

bar of steel mav be set in active vibration by dro])sof water. | 
The bar is su|)ported at nodal points upon amrular jtieces 
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of wood. Above the center ot the bar is a’raui^ed a faucet, 
widt h communicates with the water supply. 1 he bar is 
first vibrated by haiul, ami the faucet is atljusted st> that the 
water drops iu unison with the vibrations of the bar. The 
motion of the bar is tlien Moppcil, ami the water is allowed 
to drop on it. Fhe bar soon bejjins to vibrate, and in a 
short time the vibration actpiires consitlerable amplitude. 
In Fif^. 133 is shown an experiment in which the intermit- 
tent pull of an elect ro-mau net is made to accomplish the 
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same thing. In this case the steel bar forms a part ol I lie 
circuit. The magnet is provided with a light wooden 
spring-pressed arm, carrying a contait point and a con- 
ductor. 'Phis arm is arranged tof(»llow the bar up and dow n 
through the upper halt of its e\rursion. brt'aking tlie contact 
at the median position i»t the bar. riie magnet bet'ornc'- 
alternately magnetized ami demagnet i/ed, and the bar is 
alternatclv pulled down and releasid. The bar used in 
these experiments is \ inch thick, i J inclu s wide, and S leet 


F". m 





long. .V much larger b.ir might be U'-ed. W’ilhoul doubt, 
evc'U an ii'oii girder of great "i/e and weight might be set in 
active viliration i)\ tie- 'anie means. 

'IMI'I.t, -<M M' Ki. nKDI.k. 

In I'ig. 1^4 is shown a simple device lv)r recording 
sounds autographically. ■ I he [)ro[)elling of the smoked 
plate under the stylus is accomplished by simply inclining 
the support of the plate and allowing the ])late to slide olf 
(piickly by its own gravity. 

This ap']>aratus consists of a wooden mouth].)iece like 
that of a telephone, with a parchment diaphragm glued to 
its back, and provided with a tracing. puint, which is slightly 
inclined downward toward the guide for the jilate. 

This tracing point is a common sewing needle, having its 
pointed end bent downward. It is cemented at the eye end 


* See al.so chapter on projection. 
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to the center of a diaphragm by a drop of scaling wax. ^ 
The m<juthpiece is attached to a base supporting the cross- | 
piece upon which the smoked plate is placed. • i 

A thin strip of wood fastened by two common pins — ^)ne ; 
at each end — serves as a guide for the sinf>kefl plate. 

To prevent the tracing j)oint from being deflected later- • 
ally by the moving glass, a needle is driven down into tlte 
baseboard in contact with the tracing point. 
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I R<'rt)r(ier for Sonnif Vibrations. 

.\ verv thin rubber band is 

■ MKHldi I I slipped over the tracing |)oint 

t irr. and drawn down through a 

' ” ' small hole in the baseboard, as 

shown in Fig. 135. until the 
necessary tension is secured for keeping the point in delicate 
but continuous contact with the smoked plate. 

The best plates for the purpose of making the fracings 
are the microscope slide glasses with ground edges. They 
may be readily smoked over a gas jet turned down quite 
small, or over a candle or kerosene lamp. The flame in any 
case should be small and the film of smoke fine and very thin. 

The smoked plate is placed on the support and against 


(the guide and under the needle, and the instrument is 
inclined until the plate rests against the gifide. N*)w the 
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mmith is placed near the niouthipcce, and a vowel is uttered, 
while the instrument is inclined sidewise at a sufficient angle 
to permit the glass to slide off quickly. Of course the glass 
should fall only a ver\’ short distance, and it is well to [pro- 
vide a soft surface for it to aliij-ht on. 

If all this is done with the slightest regard for precision, 
a beautiful tracing will be secured, which will show the com- 
posite nature of each sound wave. The regularity and uni- 
formity of the entire tracing is surprising, considering the 
comparatively crude means employed in j)roducing \t. 

The beginning of the sinuous line is s(,>inewhat imperfect, 
owing to the slow initial movement of the plate in its 
descent, but tlie greater portion is perfect. 

.Viter having made one line, the pins holding the guide 
are moved forward, placing the guide in a new jiosition, 
when the operation of tracing may be rejicated with another 
vowel. Monosyllable"' ami short words m.iv be recorded. 
11 tlu‘ plate IS made long enough, it will, of course, receivt? 
an entire sentence. 

The''e trating> nay lie covered with a second micro- 
scopic gias> plate to jirotect them. t»r thev )na\ be mounted 
as a microscopic object tor a low powei' liv putting a thin 
cover over tliem in the usual way. Used as lantern slkLs, 
they give line results. 

VII!R;\TI.\(; I L.\M1-.S.-^ 

The most jiertect exiiibition of vibrating flames can be 
made only with exjiensive apparatus; but the student can 
get very satisfactory results by the employment of such 
things as are sluwvn in Fig. 136. A candle, a rubber tube, 
an oblong mirror, and a piece of thread are the only requi- 
sites, excepting the support for the mirror — which in the 
present case consists of a pile of bofjks — and a little pa[)er 
funnel inserted in the end of the rubber tube and forming 
the mouthpiece. 

The thread is tied around ojjpositc ends of the oblong 
mirnm, and the mirror su])[)orted by passing the thread 
through the upper book of the pile, wdiich juts over to allow 
* See also chapter on experiments with scientific top. 
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the mirror to swinj^ freely without touching the books. 
The mirror is made to vibrate in a horizontal plane b}’ 
giving it a twisting motion. One end f»f the rubber tube is 
placed very near the base of the candle flame, and the other 
end, which is provifled with the pa])er mouthpiece, isjdaced 
before the mouth and a sound is uttered which causes tlje 
air contained by the rubl)er tube to vibrate and impart its 
motion to the candle flame. The vibratory character of the 
flame is not noticeable by direct observation, but on view- 
ing the flame in the swinging mirror, separate images of 
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the flame will be seen. Those images are combined in a 
scries which, with a certain degree of-accuraev, represent 
the sound waves by which the fluctuations of the flame are 
l)roduce<l. 

J'o show that these images result from a vibrating flame, 

O o’} 

it is only necessary to view the flame in the mirror. When j 
no sound is made in the mouthpiece, (udy a jflain hand of* 
light will l)c seen. 

A somewhat more convenient arrangement of mirrors is 
shown in Fig. 137. In a baseboard is inserted a wire. ()no- 
cighth inch or more in diameter and about a foot long. On 
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this wire is placetl an t>rdinarv spool, and above the sj^ool a 
thin apertured board (^shown in the detailed view), the board 
being abi>ut 8 inches long and 6 inches wide. The board is 
perforated edgewise to receive the wire. In the npjic redge 
of the board, half way between the center and end, is in- 
serted a wire, upon which is placed a small sjiool, serving as 
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Rotatinc Mirror. 

a crank by which to turn the board. I'pon opposite sides 
of the board are placed mirrors ol a si/e corres[)onding to 
that of the board, the mirrors !)eing secured to the board 
by strips r)f jiajier or cloth pasted around tiie erlges. The 
image of the flame is viewed in the mirrors as tlu'v are 
revolved. 

sI>K.\KINo M.V.Mi;. 

riic speaking flame apparatus sln)wn in the annexed 
engravings is based on the j)rincii>lc of the annular burner 
often used in producing the oxyhydrogen light, the prin- 
cipal difference being in the diminished annular orifice. The 
construct,vjn of the burner is clearly shown in Fig. 138, the 
detached illustration being an enlarged sectional view of the 
end of the burner. Gas is taken through the central tube, 
and the flexible speaking tube is connected with the outer 
tube of the burner. When the apparatus is used for [)rf)- 
ducing musical and articulate sounds, a resonator is attached, 
as shown in Fig. 138. In this figure the re.sonator is broken 
away to show its position relative I0 the burner. 

By .screwing the cap of the burner up or down, an adjust- 
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mcnt. may be secured which will cause the flame to repro- 
cluce any sounds uttered in the mouthjjiece attached to the 
flexible speakiii/j^-tube. With a tine adjustnient articulate 
speech or any note of the musical scale within the cfuripass 
(tf the human voice may be reproduced bv ‘he flame. 

I he slig ht air waves which reach tie- burn -r throui^h the 
flexible pipe act directly up(»n the base of the flame; •this 

I !■.. IV-. 
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portion of tlie flame beine,' more sensitive to disturbin>:j 
influences than anv other. This fac t has been determined 
bv experiments on sensitive flames, such as are described 
further on. Bv speakine^ in the moutlipiece while the s^as 
is cut off front the burner, it is found that no sound pro- 
ceeds from the burner, thus show inii' eoiyclusively that the 
sounds are produced by the flame. 
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With a continuous spcaking'-tube explosive soimcls arc 
liable to extinguish the flame, but this dithculty riuiv be 
avoided by cutting' a longitudinal slit, an inch or so in length, 
in the speaking-tid)e near the mouth})iece. 

When sounds are uttered in the inouth}»iece ' with sidh- 
cient intensity to cause the flame to respond audibly, the 
souiul waves imhue longitudinal vibrations of the flame, 
which produce souiuls varying in pitch and intensity with 
those uttered in the monthj)iece. 

In Fig. 139 is shov\ a :i mcth<Kl of analyzing the vibrating 
flame. By means ol a re\i»lvitig mirror ai\ image of ('aoh 
separate flame may be seen. In l..ct. the residtsare identical 
with those secureil bv Ivoenig's manometric caj)sule. 

A I'iriidar mirror mounted oblicjiu'lv on a spindle, as 
shown in Fig. 140. so that it will wabble, is effective in ana- 
lyzing these flame^. I'lie image in this case Itas a crown- 
like appearance . 

In the experiment here shown a tlute is employed as the 
source of sound. 

In Figs. 141. 142. 143. ami 144 are illustrated some o! 
tile flame images seen in the n'volving mirroi'. 

composition 01 t ll!R.\ l lO,\s. 

The ojitical mc'thod ol studying sonorous vibrations has 
the advantage over olhei niethods in being of interest not 
only to the student <.f acoustics, but also to those who care 
only fc»r bc-autiful effec m and h.ave no regard for the lessotis 
they teach. 

As incidental to scientific work, the effect of bcautifid 
experiments on the latter class may be worth a little con- 
sideration. as it not infre{|uently happens that the mere 
onlooker is lured into the paths of science by such means. 

.Vmong jihysical experiments, none are more attractive 
or instructive than tho.se connected with the suliject of 
sound. The experiments of M. Lissajous are particularly 
interesting, but when the figures are produced by the up[)a- 
ratus employed liy Lissajou.s. a costly set of instruments will 
be required. 
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In the annexed cnjjravin^ are shown two pieces of appa- 
ratus for produeinjj; these rtj^urcs; that shown in Fig. 145 
being quite inexpensive, that sliown in Fig, 146 being a little 



nioio cosflv, and, at the same time, moi'e efficient in its per- 
foianance. 

The device shown in Fig. 145 consists essentially 
of two plane mirrors, suppt>rted by torsional bands of rub- 
ber, one being supported so as to vibrate in a vertical 
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plane, the other in a horizontal plane, the mirrors beings 
arranged with respect to each other so that the light re- 
ceived by one mirror will be reflected upon the face of the 
other mirror, by which it will in turn be projected through 
a double convex hand glass of long focus, to be finally 
received on the wall or screen. 

The mirrors employed in the construction of this instru- 
ment are the small, inexpensive circular pocket mirrors sold 
on the street corners. They are about lA inches in diame- 
ter. To adapt them for use, a strip of tin, having its ends 
curled up to form hooks, is secured to the back of each mir- 
ror bv means of scaling wax. 

A baseboard provided with three standards supports the 
mirrors in the position of use. In one of the posts near the 
top arc inserted two ortlinary wire hooks, and near the lH)t- 
tom are inserted two similar hooks. Rubber bands received 
in these hooks are inserted in the hooked cm's of the strip 
of tin attached to the back of the mirror. Several wire 
nails arc driven into the face (»f the standard, for conven- 
ience in increasing or diminishing the tension of the rubber 
bands, the bands being drawn forward between the hooks 
and slipped over one or the other of the nails to increase 
the tension. 

The mirror thus imnintcd on the vertical, rubber bands 
will, when struck lightlv, vibrate in a horizontal plane. To 
change the rate of vibration, a weight is attached to the 
back of the mirror by means of beeswax. In the present 
case the weight consists of a jiicce of wire about 6 inches 
long. Bv varying the position of the wire on the mirror, 
7. <•., by placing it at different angles with the rubber bands 
that support the mirror, the rate of vibration may be greatly 
varied. 

The second mirror is mountcfl in substantially the same 
way, the only difference being that the rubber bands arc 
arranged horizontally, and supported by two posts instead 
of one. This mirror vibrates in a vertical plane, and its rate 
of vibration is changed in the manner above described. A 
candle or other source of light is arrangeil so that the light 
from it will fall on fine mirror and be reflected to the other 
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mirror, which in turn will project it through the lens to the 
wall. When the mirrors are set in vibration, a figure of 
more or less complicated character will be produced upon 
the wall. If the two mirrors vibrate in unison, a straight line, 
or an ellipse, or a tnrcle will be produced. If one mirror 
vibrates twice as fast as the other, the figure will have the 
form of figure 8, The figures may be varied to an almost 
unlimited e.Ktent by, changing the tension of the rubber 
bands, and by shifting the wire weights. As the various 
figures which may be pnxlueed are illustrated in most 
works on physics and (tn sound, it will V)e unnecessary to 
illustrate them here. • 

The apparatus shown in Fig. 146 will now be understmxl 
with little explanation, as the principle on which it operates 
is the same as that of the more simple form. The mirrors 
are each supported by two parallel steel wires, which are 
rtally but parts of the .siunc wire. The extremities of 
the wire are securely fastened in the T-shaped head of a 
bolt, which in the case of the horizontal wires extends 
througii one of the posts, and receives a milled nut, by 
which the tension of the wires may be varied. 

The wire at its mid-length passes ari)und a small sheave 
in the other post, so that as the wire is tightened the ten- 
sion of its two branches will be cejualized. The vertical 
wires are supported in the same way bv studs projecting 
from the central post — the lower stud being provided with a 
sheave for receiving the wire, the upper stud being mor- 
tised for receiving the tension screw. 

The mirrors are attached by small clamps which embrace 
both wires, and the arms sup{)orting t’>e adjustable weights 
arc pivoted to the clamj)s. The weights may be swung in 
the plane of the mirror, and they are made adjustable on 
their supporting arms. 

'Phe best illumination aside from sunlight is that of a 
small parallel beam from an ox^ hydrogen or electric lan- 
tern. The apparatus may be coarsely adjusted by turning 
the wcightecl arms t)n their pivots, and a finer adjustment 
may be secured by increasing or diminishing^ the tension of 
the w'ires. 
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Apparatus for ronipoiinding Rectangular Vibrations. 
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Ki:-i:NF<»H< l'.MhNT of S(JUN1). 

The re-cnh>rccnient of soiincis by the vibration of con- 
fined masses of air may be readily investii^ated without 
apjiarafus, that is, such apparatus as is commonly emplove<'l 
111 acoustical experiments. A very simpK- experiment illu. 
tratinjj;^ the fact that a souml mav be strenirthened by a 
confined body of air is illusir.iii. d in I'it^. 147. The onlv 
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requisite for tnis experiment is a paper tube 16 or iS inches 
lonj^ and about 3 inches in diameter, or, in the absence of 
such a tube, a sheet of thick paper rolled into a tube will 
answer. This tube should be held with one end near the 
mouth, the opposite enil beinjij closed by the palm of the 
hand. By making a sound continuously with the voice, 
gradually rising in pitch, for example by singing C), with 
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the voice rising from the lowest note it is capable of making, 
toward the highest note, a point will be found where the 
sound is largely increased. This increase of sound will 
occur at the same point in the scale each time the experi- 
ment is tried with the same tube, thus showing that the 
dimensions of the tube are in .some way related to the re-en- 
forced note, and to that only. It will also be noticed that 
the Aubrations of the air in the re.sonant tube not only affect 
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the auditorv apparatus, but also have sufficient power t<j be 
plainly perceptible to the sense of touch, the vibrations being 
felt by the hand. 

Another very simjile experiment sliiiwing the same phe- 
nomenon in a different way is illu.strated in Fig. 148. In this 
case the resonant vessel consists of a vase. Any vessel of 
sub.stantially the same form may be used. I'he size is not very 
material, but by making several trials of di/ferent vessels a 
particular one will be found which will yield better results 
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than others on account of being of the correct dimensions. 
The experiment consists in holding the vase obliquely in 
close proximity to the car, then running the chromatic scale 
upon any instrument having sufficient range, preferably upon 
a piano or organ. .Some note of the scale will sound much 
louder than any of the others. By tilting the vase slightly 
in one direction or the other, so as to cause the car to partly 
close the mouth of the vase, the resonant qualities may pos- 
sibly be improved, as the movement of the vase in this man- 
ner amounts tt) tuning the resonator. 

In Fig. 149 is represented an experiment in which the 
mouth is employed as a resonator, and an ordinary tea bell 
as the .source of the sound. The tuning is effected by mov- 
ing the tongue back and forth, also by opening or closing 
the lips. By a few trials a position of the mouth will be 
lound which will cause il to respond to the sound of the bell 
and act as an efficient resonator. 

The familiar instrument shown in Fig. 150 is used in con- 
nection with the mouth as a resonator. In this example the 
reed of the Jew’s harp is nuule to yield a variety of t(.)nes, 
dependent ujjon the adjustment of the moutli and the hirce 
of the breath. The fundamental note t)f the reed is the 
clearest and best, and always distinctly heard. The bu'ced 
overtones are less satisfactory, but suffice for playing tunes 
that art' recogni/able. 

'rhe experiment with the bell, represented in Fig. 151. is 
verv striking, and is easily jierlormetl. The bell is simply 
an old fashioned clock bell or gong fastened on the end of 
a small wotidcn handle by a common wood sciew. I'he 
resonator is a paper tube of about two-thirds the diameter 
of the bell, i)rovided with a movable pt)rtion or diaphragm, 
as shown at A. Although the bell may be set in vibration 
bv rapping it with the knuckles t»r striking it with a large 
.sized rubber eraser, it may be more satisfactorily sounded 
by drawing a well resined bow over its edge. The bell is 
held over the mouth of the paper tube, and the diaphragm 
is movetl up or down in the tube until a position is reached 
in which the bell will yield a full tone, which is much louder 
than it is cajniblc of giving when uscil without the resona- 
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tor. The diaphnijjm is then fastenetl hv moans ot sealinj^ 
wax or jflue. 

To re-enforce one of the overtones of tin- bell, the op))*)- 
site end of the tube is s^ratlually shortened by parin”’ oif 
narrow strips from its edij^e »mtil it res[>onds to the hii;h 
tone which the bell is capable of i^ivinff out when bowed in 
a particular way. Now. by causing the bell to vibrate 
strongly and placing it near opposite ends of the resonator 


in alternation, it will be found 
Fk;. 149. 



that the deejier cavity will 
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respond only to the grave note of the bell, while the shal- 
lower cavity will re-enforce only the overtone to which it is 
tuned. In this experiment it will be found a little more 
convenient to have separate resfmators for the different 
tones. 

In Fig. 152 is shown an experiment which is substan- 
tially the same as that just described in connection with the 
bell. In this ca.se two tuning forks, A and C, are used as 
sound producers, and to each fork is adapted a resonator 
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F^ell and Resonator. 


Fig 



Tuning Forks and Resonant Tubes. 
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consisting of a paper tube about f iucli in diameter and 8 of 
lo inches long. Each tube is tuned tt> the fork in connec- 
tion with which it is to be used by inserting a cork and mov- 
ing it until the length of the inclosctl air column is such as to 
respond to the i(»rk. It will be found that the A resonator 
will respond only to the fork, and the C resonator will 
re-eniorce only the sound of the C fork. 

In all these cases the resonant lube or cavity ct)rre- 
sponds in depth to aboiit one-(juarter of a nave length t>f 
the particulai sound which it is adapted to re-enlorce. The 
wave proceccting from the sounding body strikes the bottom 
of the resonant chamber and is reilecte<i back in time to pro- 
ceed with the other half of the wave moving in the opposite 
direction, grc-atly augmenting its volume. 

The ct)mbination of two series of sound waves tJiav be 
madt to [iroduce silence if the n hiiion of tlu) two series be 
such that the air condensations >i one series coincide with 
the rarefactions of the othei >erics. I'his may be demon- 
strated by h )lding a tuninir fork over its a[)propriatc re.so- 
r.ator and iurning it until the plane of vibration of (he fork 
i'- at an angle ol 45 vith (he axis ol the resonating tube. 
fJv placing the fork in tlie s mie |>osition relative to the ear, 
the sane- phenomenon m'i\ be observed without the resonator. 

Mt sl« Al, I I.WIK.s. 

The experiments ot I'vndall and others on sounding 
flames are so interesting and so easily repeated with very 
simple applianees, that the student ol physics, ]>artieularlv 
in the department of acoustics, should not fail to repeat 
them. The prc)duction of musical .sounds by means of 
flames inckesed in resonant iubes is especially ea-w. One 
form <if this experiment is illustrated by Fig. 153. 

For the mere production of sounds, a metal tube will 
answer, but for the analysis of the flame by which the sound 
is produced, a glass tube will be required. I'his tube, 
whether of metal )r glass, may be 40 inches long and one 
inch internal diameter. It .should be supported in a fixed 
vertical position in a suitable support, a filter support, for 
example. In a lower arm of the support is place d a glass 
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tube three-eighths inch in diameter, having its upper end 
drawn to a small circular aperture, which will allow suffi- 
cient gas to escape to form a i>ointe(l flame about 2J inches 

Fic. 153. 
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in height. The tube is dr.nvn ilown by heating it near one 
cm! until if softens, by continually turning it in a gas flame, 
then (juickly removing it from the flame, and drawing it out 
as far as po.ssible. By making a nick with a fine file in one 
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side of the tube, at a point where it is about one-sixteentb 
inch in diameter, the tube may be broken squarely. It may 
then be tried as a burner. If the flame yielded by j^as at 
full pressure is less than two inches in length, the tube 
should be again broken t)ff at a j)oint where it is a little- 
larger in diameter, and if the opening happens to be ttu) 
large, it may be reduced by holding the extreme end of the 
tube in a gas Paine until it partly fuses, when it will contract. 

The small glass tube is connected with the gas supply, 
and the jet is lighted and inserted centrally in the larger 
tube, and moved slowly upwartl in the lube until a clear 
musical note is heard. If the dame is full size, the note will 
be the fundamental note of the tube. By turjiingoff the gas 
so as to make the flame three-tourths to otic inch high, and 
again inserting the burner in the tube, a point will be found 
between its former posititm and the lower end of the tube 
at which a tone of higher pitch will be heard, rhis is one 
of the harmonics. If the burner with the small flame be 
carried further upward into the tube, a point will be reached 
where both the fundamental and harmonic will be produced 
simultaneously. These tones are produced by rapidly re- 
curring vibrati<jns of the flame, which are rendered uniform 
by the vibratory j)eriod of the column of air contained in 
the tube. 

There are two metluKls of analyzing these flames. One 
consists in simply shaking the head, or (piickly nulling the 
eyes from side to side, thereby enabling the eye to receive 
the impressions of the successive flames in different positions 
on the retina. The other consists in viewing the image of 
the flame in a revolving or oscillating mirror. By holding 
a looking glass in the hand, o{)p(>site the flame, as .shown in 
the engraving, and oscillating the glass, what appears to be 
a single flame in the tube will be shown in the mirror as a 
succession of flames of like form connected at their bases. 

Another way of showing the periodic character of the 
flame consists in revolving a disk having alternating radial 
bands of black and white, in proximity to the tube, so 
that the disk is illuminated only by the light of the inter- 
mittent flame. When the disk attains a proper speed, the 
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intermittent illumination will cause it to appear stationary. 
This beautiful experiment is due to Toepler. 

By employing a concave mirror instead of a plane one 
as described above, the image of the flame may be projected 
upon a screen. 

A SIMPLi; PHONOGRAPH. ; 

This instrument, which is shown in perspective in Fig. 

154, in section in Fig. 155, and in plan in Fig. 156, has 
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a mouthpiece, A, to which is attached a thin ferrotype . 
plate diaphragm, B, by means of a good quality of sealing 
wax or cement. 

Upon the outer face of the diaphragm, and at opposite 
edges, there are guides, C D, for receiving the wooden strip, 

F. These guides present only a slight bearing surface to 
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the Strip. The guide, D, is rounded to receive the spring, 
E, which is secured to it by two screws, by which also the 
spring is adjusted so as to bear with more or less force on 
the small rubber block which rests upon the center of the 
diaphragm. 

A needle, which is sharpened like a leather sewing nee- 
dle or awl. is soldered to the spring, and is located directly 
opposite the center of the diaphragm. The guides, C I), 
are placed so that the median line the strip. F, is at one 
side of the needle. This strip has four slight h)ngitudi- 
nal grooves, two on each side, which arc made with an 
ordinary carpenter’s gauge. These grooves are located so 
that when the strip is movetl through the guides, one or the 
other of them will pass over the needle. A piece of becs- 
wa.\ is rubbed over the sides (.)f the strij) to give it an adhe- 
sive coating for receiving the foil used in recording the 
sounds. 

The foil, which slH)uld be rather heavy, mu.st be cut into 
strips wide enough to e.xtend beyond the grooves in the 
wooden strip. The foil is laid «>n the wooden strip and bur- 
nished down with the thumb nail, so that it will adhere. 
The .strip thus prepared is placed in the guides, C 1), and 
the needle is adjusted so that it indents the foil slightly as 
the stick is imwcd along. 

By talking in the mouthpiece, and at the same time mov- 
ing the strij) ah)ng with a smooth, steady motion, the sounds 
are recorded on the foil. By j)assing the strij) again 
through the guides, so that the needle traverses the same 
groove, and aj)plying to the mouth j)iece a j)ajjer funnel or 
resonator, the sounds or words sj)oken into the instrument 
will be reproduced. It is even j)ossible to record the sounds 
on a plain strip of wood so that they may be rej)roduccd. 
The engraving is about two-thirds the actual siw of the 
instrument. 

THE PERFECTED PHON'OGR.\PH. 

Ten years ago a young man went into the office of 
the Scientific American, and placed before the editors a 
small, simple machine about which very few j)reliniinar}r 
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remarks were offered. The visitor without any ceremony 
whatever tunied the crank, and to the astonishment of all 
present the machine vsaid : “ Good morning. How do you 
do? How do you like the phonograph?*’ The machine 
thus spoke for itself, and made known the fact that it was 
the phonograph, an instrument about which much was said 
and written, although little was known. 

It w'as the latest invention of Etlison, and the editors 
and employes of the Scientist Aturrkau formed the first 
public audience to which it addressed itself. The young 
man was Mr. Thomas A. Edison, even then a well known 
and successful inventor. The invention was novel, original, 
and apparently destined to find immediate application to 
hundreds of uses. livery one wanted to hear the wonderful 
talking machine, and at once a modified form of the original 
phonograph was brought out and shown everywhere, amus- 
ing thousands upon thou.sands; but it did not l)y any means 
fulfill the requirements of the inventor. It was scarcely 
more than a scientific curiosity or an amusing toy. Edison, 
however, recognized the fact that i! contained the elements 
of a successful talking machine, ami thoroughly believed it 
was destined to become far more usefnl than curious or 
amusing. He contended that it would be a faithful steno- 
grapher, reproducing not onlv the words of the speaker, 
but the quality and intlectiims of his voice; and that letters 
instead of being written wouhl he talked. He believed that 
tlie words of great statesmen and divines would be handed 
down to future generations : that the voices of the world’s 
priraa donnas would be stored and preserved, so that, long 
after their decease, their songs could be heard. These and 
many other things were e.vpcctcd of the phonograph, it 
was, however, tloomcd to a period of silence. It remained 
a toy and nothing more for years. Finally it was made 
known to the public that the ideal phonograph had been 
constructed; that it was unmistakably a good talker; and 
that the machine, which most people believed to have 
reached its growth, had after all been refined and improved 
until it was capable of faithfully reproducing every word, 
syllable, vowel, consonant, aspirate and sounds of every kind. 
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During the dormancy of the phonograph, its inventor 
secured both world-wide fame and a colossal fortune by 
means of his electric light and other well known inventions. 
He has devoted much time to the phonograph, and has not 
only perfected the instrument itself, but has established a 
large factory provided with special tools for its manufac- 
ture, in which phonographs are to be turned out in great 
numbers. 

The original instrument consists of three principal parts 
— the mouthpiece, into which speech is uttered ; the spirally 
grooved cylinder, carrying a sheet of tin foil which receives 
the record of the movements of the diaphragm in the 
mouthpiece ; and a .second mouthpicc<‘, b)' which the speech 
recorded on the cylinder is reproduced. In this instrument 
the shaft of the cylinder is j)rovicied with a thread of the 
same pitch as the sj)iral on the surface of the cylinder, so 
that the needle of the receiving mouthpiece is enabled to 
traverse the surface of the tin foil oj)]>osite the gn>ove of 
the cylinder. By careful adjustment this instrument was 
made to reproduce familiar words and sentences, so that 
they woidd he recognized and understood by the listener; 
but in general, in the early phon«>graj)hs, it was necessary 
that the listener should hear the sounds uttered into the 
receiving mouthpiece ot the phonograph to jiositively under- 
stand the words uttered by the instrument. 

In the later instruments, such as were exhibited through- 
out the countrv and the wmld. the .sunc difficulty obtained, 
and perfection t)f articidation was sacriheed to volume of 
sound. This was necessary, as the instruments were exhib- 
ited before large audiences, where, it goes without saying, 
the instrument to be entertaining had to be heard. These 
instruments had each but one mouthpiece and one diaphragm, 
which answered the double pttrposc of receiving the sound 
and of giving it out again. Strangely enough, the recently 
improved phonograph is more like the original one than any 
of the others. It is provided with two mouthpieces, one for 
receiving and one for reproducing. 

The new phonograph, which is shown in Fig. 157, is of 
about the size of an ordinary sewing machine. In its con- 
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stniction, it is something like a very small engine lathe; the 
main spindle is threaded between its bearings, and is pro^’* 
longed at one end to receive the hardened wax cylinder 
upbn which the sound record is made. Behind the spindle 
and the cylinder is a rod upon which is arranged a slide, 
having at one end an arm adapted to engage the screw of 
the spindle, and at the opfK)sitc end an arm carrying a piv- 
oted head, provided with two diaphragms, whose positions 
may be instantly interchanged when desirable. One of 
these diaphragms is turned into the position of use when it 
is desired to talk to the phonograph, and w-hen the speech 
is to be reproduced, the other diapliragin takes its place. 
The glass diaphragm, which receive'^ the speech and makes 
the impressions upon the evliiuler, is shown in Fig. 159. 
The needle bv which the impressions are made, in the wax 
is attached to the center of the diaphragm, and pivotally 
connected t(» a spring arm attached to the side of the dia- 
phragm ceil. The device bv which the speech is repro- 
duced is shown in .section in Fig. ito. The cell contains a 
delicate glass diaphragm, to the center of which is secured a 
stud connected with a small curved steel wire, one end ol 
which is attached the diaphragm cell. The spindle of the 
phonograph is rotated regularly by an electric motor in the 
base of the machine, which is driven by a current from one 
«jr two cells of battery. The motor is provided with a sen- 
sitive governor which causes it to maintain a very unilorm 
speed. The arm which carries the diaphragms is provided 
with a turning tool for smoothing the wax cylinder prepar- 
atory to receiving the sound record. 

The first operation in the use of the machine is to bring 
the turning tool into action and cause it to traverse the cyl- 
inder. The turning ti)ol is then thrown out. the carriage 
bearing the diaphragms is returned to the position of start- 
ing, the receiving diaphragm is placed in the j)Osition of 
use, and as the wa.v cylinder revolves, the diajthragm is 
vibrated by the sound waves, thus moving the needle so as 
to cause it to cut into the wax cylinder and produce inden- 
tations which correspond to the movements of the dia- 
phragm. After the record is made, tlie carriage is again 
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returned to the point of starting, the receiving diaphragm 
is replaced by the reproducing diaphragm, and the carriage 
is again moved forward by the screw, as the cylinder 
revolves, causing the point of the reproducing diaphragm 
to traverse the path made b}- the recording needle. As the 
point of the curved wire attached to the diaphragm follows 
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the indentations of the- wax cylinder, the reproducing dia- 
phragm is made to vibrate in a miinner similar to that of the 
receiving diaphragm, thereby faithbdiy reproducing the 
sounds uttered into the receiving mouthpiece. 

A crucial test of the capabilities of this machine was 
recently made in our presence, at Rdison's laboratory, near 


Llewellyn Park, ()ranj;e, N. J. A paragraph from the morn- 
ing newspaper was read to the machine in our absence, and 
when upon our return to the instrument it was reproduced 
phonographically, every word was distinctly understood, 
although the names, localities, and the circumstances men- 
tioned in the article were entirely new and strange to us. 
Another test of the perfection of the machine was the per- 
fect re[)roducti<jn of whistling and whispering, all the imper- 
fections of tone, the half tones and modulations even, being 
faithfully reproduced. The ])erfect performance of the new 
instrument depends up<.in its mechanical perfection — upon 
the regularity of its speed, the susceptibility of the wax cyl- 
inder fo the impressions of the needle, and to the delicacy 
of the speaking diaphragm. No attempt is made in this 
instrument to secure loud speaking — distinct articulation 
and perfect intonation have been the principal ends sought. 

highly magnified section of the j)!n)nograph cylinder, 
showing the indentations, is illustrated in F’g. l6i ; A repre- 
senting a section of the face of the cylinder, B a transverse 
section of a portion of the cylindrical wax shell, and C 
showing a less magnified face view (.»f a small portion of the 
cylinder. 

The new phonograph is to be used for taking dictation 
for taking testimony in court, for reporting speeches, for 
the reproduction of vocal music, for teaching languages, for 
corresixmdencc, for civil and military orders, for reading to 
the sick in hospitals, and for various other purposes too 
numerous to mention. 

Imagine a lawyer dictating his brief to one of these little 
machines ; he rna}' talk as l apidiv as he chooses, every word 
and syllable will be caught upon the delicate wax cylinder, 
and after his brief is complete he may transfer the wax cyl- 
inder to the phonograph of a copyist, who may listen to the 
words of the plmnograph and write out the manuscript. 
The instrument may be stopped and started at pleasure, and 
if any portion of the speech is not understood by the tran- 
scriber, it may be repeated as often as necessary. 

In a similar manner a compositor may set his type directly 
from the dictation of the machine, without the necessity of 
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“copy/’ as it is now known. Mr. Kdison says that the 
whole of “ Nicholas Nicklcby " coiikl be recorded upon four 
cylinders, each 4 inches in diameter and 8 inches long, .so 
that one of these instruments in a private circle or in a 
hospital could be made to read a book to a number of per- 
sons. This is accomplished by means of a multiple earincce. 

The little wax cylinders upon which the record is made 
are provided with a rigid backing, and the cylinders arc 
made in different lengths ; the shorte.st— t>ne inch long — hav- 
ing a capacity of 200 words, the next in size 400 words, and 
so on. These cylinders are very light, and a mailing case 
has been devised which will admit of mailing tiie cyluiders 
as readilv as letters arc now maileil. The reeii)ient of the 
cylinder will place it on his v)wn phonograph and listen to 
the phonogram — in which he will not oniv get the .sense of 
the words of the sender, l)ut uill ri'cognize his expression, 
which will, of course, have much to do with the interpreta- 
tion <ff the true meaning of the .render of the ])honogram. 

Fig. 158 is a life-like picture of Mr. Fdison j)hoto- 
graphed while he iistened to his lii'sl phont)gram from 
abroad. 

A very interest ing and popular use of the phonograph 
will he tlic distribution of the songs of great singers, ser- 
mons and sp' ech ’s. the words of great men and women, 
music of manv parf>, the voices id animals, etc., so that the 
owner of a phonogra[>h ma\- (-njov these things with little 
expense. 

It may even be pressed into the detective servic(' and 
used CIS an unimi)jachable witness. It will have but one 
story to teil, and cross examination cannot confuse it. 

RKM,! CTION .\.Nf) (;ON(l:,NTk.Vrt( )N OK SOUND. 

The j)articular actiem of sound to be dealt with here is 
that of reflection, examples of which are presented in every 
echo; and whi.s])eri:ig galleric's arc but the exhibition of the 
ra.nc thing, although more rare. A few of them have a 
world- wide reputation. 

In Ids article on .sound in the “ Kncyclopiedia Melropoli- 
tana," Sir John Herschel mentions the abi)cy church f)f .St. 
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Albans, where the tick of a watcli may be heard from one 
end of the edifice to the other. In Gloucester Cathedral a 
gallery of octagonal form conveys a whisper 75 feet across 
the nave. In the whispering gallery of St. Paul’s the faint- 
est sound is conveyed from one side c>{ the dome to the 
other, but is nc)t heard at any intermediate point. The 
dome of the capitol at Washington is an excellent whisper-, 
ing gallery. These effects are due to an accidental arrange- 
ment of the walls. 

Sails of ships are sometimes inllaled Ijy the wind so that 
they act as concentrating reffectors of sound. Arnott says 
that in coasting off Brazil he heard the bells of San Salva- 
dor from a distance of no milc>. by standing before the 
mainsail, which happened at the time to assume the form of 
a concave retlector, focusing at his ear. 

Sounds mav be received and reflected by means (ff 
metallic j)arabolic reflectors, so that many times the volume 
of sound that naturallv strikes the ear will ire concentrated, 
rendering sounds audible that might otherwi.se be too distant 
or too faint t<» be heard. Such reflectors ot necessity have a 
fixed form, and are available under certain conditions only. 
'I'he accomj)anving engraving ( Fig. 16:;) reprc.sents a sound 
rellector that mav be focused as readilv and directed as 
easilv as a telescope. It is. in fact, a portable and adjustable 
whis[)cring gallery, having many useful a[)plications. 

riie instrument is verv simple, consisting essentially of 
an airtight drum, one head of which is rigid, the other clas- 
tic. This drum, or more properly retlector, is mounted on 
pivots in a swiveled support, and is provided with a flexible 
tube having a mouthpiece and stop cock at its free end. Two 
wires are stretched across the face of the reflector at right 
angles to each other, and support at their intersection a small 
plane mirror, the office of which is to determine the jjosi- 
tion of the reflector in relation to the direction of the sound. 
A small ear trumpet or funnel, which is shown <.>n the table, 
is used in connection with the reflector, to increase its effect 
by gathering porfit)ns of the sound that might escape the 
unaided ear. 

I'hc reflector is adjusted by looking through the car 
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trumpet toward the small plane mirror, and moving the 
sound reflector until the source of sound is seen in the mii- 
ror. The reflector is then focused by exhausting the air 
from behind the flexible head until the required degree of 



concavity is reached, which will be when sounds are dis- 
tinctly heard in the car trumpet. The air is readily 
exhausted from the reflector by applying the mouth to 
the mouthpiece. The details of the construction of the 
apparatus are shown in the engraving. 
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Of course, the operation of the instrument may be 
reversed — that is, sounds made at the focus of the reflector 
may be projected in parallel lines over long^ distances, but 
in practice a speaking trumpet is found to be better for this 
purpose. The engraving shows but one of the applications 
of the reflector. It would be a simple matter to provide 
for a deaf person an instrument on this principle. It could 
hang on the walls of the jiarlor unnoticed, as it might take 
the form of a richly framed picture, and would concentrate 
a great volume of sound at a single ])oint. The same device 
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may also be applied to an auditorium to project the voice of 
the speaker in any required direction. 

To concentrate and pi'ojcct light, hear, and sound by 
means of concave mirrors is generally supposed to necessi- 
tate the use of expensive parabolic mirrors, articles practi- 
cal! v out of the reach of amateur experimenters, and not to 
be found in every institution of learning. To perform most, 
of the experiments possible with concave mirrors, the spun 
metal reflectors used in large lamps answer exceedingly 
well. The projection of images and the accurate determi- 
nation of the foci are the only experiments impossible with 
such reflectors. The largest size to be found ready made is 
10 inches in diameter, with a principal focus of about 8 or 9 
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inches. The price is $1.50 per pair. To prepare them for 
use, two common wood screws are secured to them at dia- 
metrically opposite points, the heads of the screws being 
soldered to the edges of the mirrors, so that the screws pro- 
ject radially. Each mirror is provided with a stand formed 
of a base and two uprights. The wood screws project 
through the uprights, and are provided with wooden nuts. 

To facilitate the experiments to be performed with the 
concave mirrors, two or three small stands are required. It 
is desirable that these stands be made adjustable. If noth- 
ing is at hand that will answer the purpose, a very good 
adjustable stand may be made by soldering a disk of tin to 
the head of a 4 inch wood screw, and inserting the screw in 
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a short column, as shown in the engraving. A paper trum- 
pet, 8 inches in diameter at the larger end and 2 feet in 
length, is useful, and a rubber tube having a small funnel 
at one end and an ear piece at the other end is neces.sary. 

To show the concentrating power of one of these com- 
mon reflectors, place it so that its concave surface faces the 
sun. Then place a piece of dark-colored cloth in the focus. 
It is at once ignited. 

Place two reflectors, A B, 4 or 5 feet apart, with their 
concave surfaces facing each other, as shown in Fig. 163. 
Place a short candle on the stand, D, so as to reflect a par- 
allel beam that will cover the reflector, B, as nearly as possi- 
ble. Then place a watch, E, in the focus of the reflector, B, 
upon the stand, F. Now hold the funnel, C, with its mouth 
facing the reflector. A, and immediately behind the candle, or. 
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Ijetter, remove the candle and place the funnel in the position 
formerly occupied by the candle flame. With the funnel at 
this point the ticking of the watch will be distinctly heard, 
but a slight movement of the funnel in either direction will 
render the ticking inaudible. This experiment shows that 
the laws governing the reflection of light and sound are the 
same. 1 

In Fig. 164 the use of the trumpet in connection with a 
concave reflector is illustrated. The reflector, A, is adjusted 
to the trumpet, B, by means of the light of a candle placed 
on the stand in the focus of the reflector. Afterward the 
candle is replaced by the watch. With this arrangement the 
watch may be heard twenty or thirty feet away. 

TREVELY.AN ROCKER. 

This apparatus consists of a short piece, A, of lead pipe, 
about an inch in diameter, and a piece, B, of thick brass 
tubing, about f inch outside diameter and five or six inches 
long. The lead pipe is flattened a little to keep it from roll- 
ing, and the surface along the side which is to be upper- 
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most is scraped and smoothed. The brass tubing, B, is 
filed thin, upon one side, near one end, and the thin parr 
is driven in with the pein of a hammer or a punch so as 
to leave the longitudinal ridges, a a, as shown in the end 
view in Fig. 165. 

When the brass tube is heated and placed across the 
lead pipe, as shown in Fig. 165, with thS ridges, a a, in 
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contact with the lead pipe, the brass tube begins to rock^ 
invisibly, of course, but with suiheient energy to give lorth 
a clear musical note. If it does not start ot itself, a little 
jarring will set it going, and it will continue to give forth its 
sound for some time. 

The accepted explanation of this phenomenon is that the 
contact of the hot brass with the lead causes the lead to sud- 
denly expand and project a microscopic distance upward. 
These upward projections of the lead alternate between the 
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two points of conlact. and rims ( ausc the lube to rock with 
great raj)idity and regulant v. 

In Fig. 166 is shown a moditication of the ex[)eriment, in 
which tiie lead is indented to form tlie two conlact surfaces, 
a a, and the heated l)ar. li, is made to rock at a com[)ara- 
tiv'clv slow rate, gi\ ing forth a grave note. IJv ( .'ireful man- 
ipulation, the bar mav be made lo rock liotli longitudinall v 
and laterallv, thus giving forth a rhvthmic combination of 
the two sounds. 


RKI K \C'I ION ot sOl’NU. 

In Figs. 167 and i6<S is illustrated an adjustable lens for 
showing the refraction of sound. The frame of the lens 
consists of three 12 inch rings of large wire, soklered to- 
gether so as to form a single wide ring with two circumfer- 
ential grooves. In the central part of the ring, at the bot- 
tom, is inserted a standard, aiul in the top is inserted a short 
metal tube. Over the edges of the ring are stretched disks 
of the thinnest elastic rubber, which are secured by a stout 
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thread wound around the edj^es ot the rubber, clamping 
them in the grooves of the ring. 

By inflating the lens through the tube with carbonic acid 
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gas, it may be focused as desired. A watch placed at the 
focus upon one side of the lens can be distinctly heard at the 
focal jxn'nt on the opposite side of the lens, when it can be 
heard only faintly or not at all at points Fig. i6S 
only slightly renioyed from the focus, thus 
showing that the .sound uf the ticking of 
the watch has been refracted by tlie lens in 
much the same manner as light is refracted 
by a gla.ss lens. 

SKNSITIVI-; M.AMKS. 

The sensitiye flame, first observed by Dr. 

Le (^onte and afterward deyeloped by Tyn- 
dall and Barrett, exhibits .some of the curious 
effects of sound. For its production it is 
nece.ssary that the gas be under a pressure 
equal to that of a column of water six or Sound 

eight inches high. The common method Lens. 
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of securing the required pressure is to take the gas from a 
cylinder of compressed illuminating gas, such as is used 
for calcium lights. Another method is to take the gas from 
a weighted gas bag, and still another is to fill a sheet 
metal tank with gas and displace it with water in the man- 
ner illustrated in Fig. 170. The burner is shown at i, 2, and 

X, Fig. 160. It consists ol a small 

Fic. 160. If 

tip inserted in the end 01 a suit- 
able tube. The tip in the pres- 
ent case is made of bra.^s, l>ut, 
'''■‘'tCfiJ - those cornmonlv used for this 
i purpose are ol steatite. 1 hey 

I superior lo the metal ones, 

I ^ but retpiire careful selection. 

S I been h)und that some 

' ol the lava i)inhole burner tips 

^ ' 9 I in certain kinds of gas 

■ stoves answer admirablv for this 

1 ])ur])ose, and cost very little. 

II ^ ^*1^ with a round, smoi th hole 

, 1/ ■ is lo b( selected. Fhe liore of 

1 dn* tip is here shown tapering. 

I entailer diaincter is 0*035 

dicli The burner is supported 
^ in the manner shown at i and 2, 

or in any other convenient nian- 
m 5 ner. aiul gas under a suitable 

He pressure flows through and is 

o ignited. The flame will be tall 

|f slender, as shown at i. By 

regulating the gas pressure care- 

*• Burner for Sensitive Flame. fully, iin adjustment will bc 

reached at which the flame will 
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be on the verge oi flaring. A very slight increase ol 
pressure beyond this point wiU cause the flame to shorten 
and roar. When the flame is at the point of flaring, it is 
extremely sensitive to certain sounds, particularly those of 
high pitch. A shrill whistle or a hiss will cause it to- 
flare. The rattle of a bunch of keys will jirtiduce the 
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same result. It will respond t«; every tick ol a watch held 
near it. 

TyndaU says that when the gas pressure is increased be- 
yond a certain limit, vibrations are set up in the gas jet by 
the friction of the gas in the orifice of the burner. These 
vibrations cause the flame to quiver and shorten. When 
the flame burns steadily, any sound to which the gas jet will 
respond will throw it into sympathetic vibration. Experi- 
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ment has demonstrated that the scat of sensitiveness of the 
flame is at the base of the flame, at the orifice of the burner. 

The method of producing the required gas pressure 
illustrated in Fig. jyo is available when gas bags or evlinders 
of compressed gas are not tt) be had. .V tin cylinder of 
about 1 5 gallons capacity is provided at the top and bottom 
with valves. The lower valve is ci>nnccted with a hvdrant, 
and the cjdinder is filled with water, while the upper valve 
is left open to allow of the escape of air.^ When the cylin- 
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dcris filled with water, the supply is shut olT and a tube 
from a gas burner is connected with the upper valve and liie 
gas is turned on. Then the water is allowed to escape Iroin 
the cylinder, thereby drawing in the gas. When the cylin- 
der is filled with gas, the valves are closed and the lower 
one is again connected tvith the hydrant, while the upper 
one is connected with the pinhole burner. The valves on 
the cylinder are again opened and water is admitted at the 
rate required to produce the desired gas pressure. Only two 
precautions are necessary in this experiment ; one is to avoid 
a mixture of air and gas in the cylinder by driving out all 

the air, the other is to avoid 
the strainiiii* of th(' cylinder 
by water jiressurc. 

.Another sensitive llame, 
which has several advantages 
over tlie one described, is 
shown in h'ig. 171. It re- 
quires no extra gas pressure, 
and it is more readily C(Mi- 
troiled than the tall jet. It 
was discovered by Mr. I^hilij) 
li.arry. and the discoverer's 
letter to .Nlr. rvndall concern- 
inj^ it is found in 'ryndall’s 
work t»n .sound. In the |)ro- 
ductirm of this flame .1 ])inhole 
burner, like that already descrilied, is employed. Two 
inches above tiie burner is supjiorted a piece c)f 32-mesh 
wire gauze, about 6 inches scpiare. The gas is turned on 
and lit above the wire gauze. It burns in a conical flame, 
which is yellow at the top and blue at the base. When the 
gas pressure is .strong, the flame roars continuously. 'When 
the gas is turned off, so as to stop the roaring altogether, 
the flame burns steadily and exhibits no more sensitiveness 
than an ordinary flame. By turning on the gas slowly and 
steadily, a critical point will be reached at which any hissing 
noise will cause it to roar and become non-luminous. Any 
degree of sensitiveness may be attained by careful adjust- 
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tncnt (»l thcf^as supply. A tiuicf room is retiuircd for this 
i xperinient. The rustic ol clothes, the ticking of a clock, a 
whisper, a snap of the finger, the dropping of a pencil, or in 
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Dotermming Speed by Resonance, 


Siren for Mcasurinjj \ elocities. 


fact almost any noise, will cause it to drop, become non- 
luminous, and roar. It dances perfect time to a tune whistled 
staccato and not too rapidly. 

The flame at its base presents a large surface to the air. 
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SO that any disturbance of the air sets the flame in active 
vibration. 


A SIREN FOR MEASrRIN<; VEIOCITIES. 

In this instrument advantajje is taken of the well known 
fact that for every tone a resonator may be provided that 
will respond to and re-enforce the vibrations producing; that 
tone. The lenfj^th of a closed resonant tube is one-fourth 
that of the sound wave to which it responds. The leng'th 
of an open resonant tube is one-half that of the sound wave 
to which it responds. It is obvious that a telescopic tube 
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may be adjusted to respond to different pitches. Knowing’ 
the number of vibrations required per second to produce a 
certain pitch, it is comparatively an ea.sy matter to deter- 
mine the rate of any series of regular air vibrations by 
adjusting the tube to such a length as to cause it to respond 
to the vibrations. 

In Fig. 172 is .shown a resonant tube supported over a 
small fan wheel. The fan has ten blades, so that during one 
revolution it sends ten puffs of air up the tube. By gradu- 
ally increasing the velocity of the fan a speed will be reached’ 
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at which the tube yields a low but distinct musical tone. 
for example, this tone corresponds to middle c, it is known 
that 261 puffs of air are made in the tube, and that since 
there arc ten blades to the fans, the number of revolutions 
of the fan shaft must be 26 1-1-10= 26-1 per second, or 1,566 
revolutions per minute. 

In Fig. 173 is illustrated a siren constructed on this prin- 
ciple. The parts of this instrument are shown in detail ui 
Fig. 174. It consists of a circular casing containing a ro- 
tary fan which draws in air at the center and discharges it 
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through an opening in the top of the casing. The blades of 
the fan arc arranged radially upon opposite sides of the disk, 
and the fan is encircled by a perforated rim, which fits the 
circular casing and acts as a valve in controlling the escape 
of air. The perforations of the rim correspond in number 
and position with the fan blades. 

The discharge opening of the casing is provided with a 
socket for receiving a resonator. The resonator shown 
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in Fig. 173 consists of a pair of tubes made to slide 
telescopically one within the other, ihe inner one being 
graduated to indicate the different lengths reciuired lor dif- 
ferent pitches, and consequent! v for different speeds. As 
the fan revolves, the air drawn in through the holes at the 
center of the casing is thrown outward by centrifugal lorce, 
thus maintaining a pressure of air at the periphery of the 
fan. The holes in the rim of the fan allow the air to escape 
in regular puffs, the frc(piencv of which depends upon the 
velocity of the fan. These puffs produce sounds varying in 
pitch and intensity with the speed of the fan. ami the re.so- 
nating tube re-enforces the particular note to which it is 
tuned, so that when a speed is reached corresponding with 
the adjustment of the tube, the fact is known by the 
superior strength of that iiarticul.ir note. .\ny change 
of speed inav be detected l)y the lessening ot ilu* intensity 
of the sound and the change of pitch. 

The siren is shown in Fig. 175 in connection with me- 
chanism for driving it 1)\ hand. It is j>royided with a rev- 
o.ution counter and w ith a ti nmpct-shapcil resonator. It is 
designed to be u>ed in the same m.anner as the siren ol 
Cagniard Latoiu. and. like that instrument, it yields sounds 
under water 
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KXI’ERl.MKM S WI'III TIIK MlKN'lIFK' Ti •!'. 

Several e.vperiiiu iits |»<)ssessii(^ iiion* or interest arc 
illustrated in IMatc III. This < lia|>fer is introduced at tins 
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Experiments with the Scientiftc Top. 


point on account of the relation of its subject matter to the 
preceding; and succeedino; chapters. 

I he ability of the heavy top to run lor a long time and 
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niaintniu an equable motion renders it particularly servicc- 
-abie in experiments requiring unitormitv of action. 

Two experiments in sound arc illustrated ; i. Plate III, 
showing the adaptation of a simple siren to the top, and 2 , 
Plate III, Savart’s wheel. The siren consists of a disk ol 
pasteboard, having four eccentric rows of 3-8 inch holes, 
there being 12 holes in the inner row, 15 in the next, 18 in 
the next, and 24 in t*he outer row. The disk is varnished 
with shellac to render it waterproof. It is mounted on a 
chuck fitted to the tapering hole of the top spindle. When 
the disk is rapidly rotated by the top, and a jet of air is 
blown upon either row of holes through a flexible tube pro- 
vided with a small glass or metallic nozzle, a musical sound 
will be produced by the air pulsations caused by the inter- 
ruptions of the air jet by the perforated disk. The sounds 
produced by the different rows of holes are those of the 
perfect major chord. By holding a card so that its corner 
will touch the perforated disk at any row of holes, it will be 
found that the taps of the card will produce the same tones 
as the puffs of air from the tube. Savart's wheel is simply 
a toothed disk fitted to the chuck and adapted to be rotated 
by the top. When the disk is turned very slowly, with the 
edge of a card held against the teeth, a series of little taps 
are heard, which do not at all resemble a musical sound ; 
but when the wheel is revolved rapidly by the top, the con- 
tact of the card with its periphery produces a .sound that 
may fairly be called musical, the .sound being composed of 
the rapidly repeated taps. 

At 3, Plate 111 , is shown a disk similar to that used for the 
siren, but having double the number of holes in each circu- 
lar row. The holes are 1-8 inch in diameter. The disk is 
blackened to render the effects more conspicuous, and the 
hole in the center of the disk is eylctcd to prevent wear. A 
metal disk, secured to a tapering spindle fitted into the top 
spindle, carries a crank pin 3-16 inch from the axis of rota- 
tion. The eyelet of the disk is placed loosely on this crank 
pin, and when the crank is revolved by the top the disk is 
gyrated ; every part of its surface being made to travel in 
a circular path 3-8 inch in diameter, when sufficient friction is 
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applied to it to prevent it frt)ni rotating with the top. In this 
case eacli perfcjration of the disk forms a circle, and the 
circles lornied hy the entire series of holes interlace, ap- 
pearing like so many chain links interhjcked. By allowing 
the ilisk to revolve at different speeds very complicated 
figures are produced, sometimes like lacework, sometimes 
like twisted chainwork. Occasionally one part tii the fig- 
ure will appear to turn in one direction while another pari 
turns in the opposite direction. Some of these figures are 
shown at 4 and 5, Plate III. A similar experiment, developed 
in a different way, is shown at 7. The black cardboaindifilll 
is provided with a central eyelet, which recciires the dank 
pin, as in the case of the perforated disk. On each two 
diametrical lines crossing each other at right angles are 
formed pairs of holes, in which are cemented silvered glass 
beads or bright spherical steel buttons. The latter were 
used on the disk illustrated. They are .symmetrically ar- 
ranged, so that the inner four may follow each other in the 
same path, and the outer four may follow each other in a 
path of their own. 

By treating this disk after the manner of the perforated 
disk above described, many brilliant and surprising effects 
may be produced. 

By holding one edge of the disk lightly between the 
thumb and finger, so that it will not revolve, but will be 
made to gyrate by the little crank, each button will describe 
a 3-8 inch circle, or a small oval, or an ellipse, as shown 
at 7. By allowing the disk to slip slowly between the 
thumb and finger, a series of double scrolls will be pro- 
duced, as shown at 8. 

On varying the speed of rotation by the application of 
more or less friction to the disk, a great variety of intricate 
and beautiful figures arc produced. Examples are shown at 
9, 10, and II, Plate III. The effect shown at 11 is secured 
by allowing the edge of the gyrating disk to strike the fin- 
ger once during each gyration. The luminous curve in this 
case appears to have a slow retrograde motion. 

In Fig. 176 is shown a cardboard disk mounted loosely 
•on the top spindle and provided with two series of black 
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radial bars, the inner series having 13 bars, the outer series 
having 12 bars. To the chuck inserted in the spindle is 
secured a black disk having four radial slits. 

When the top is revolved and the lower disk is re- 
tarded, some very curious illusions will be produced. At 
times one part of the lower disk will appear to remain sta- 
tionary, while the other part will ap{)ear to revolve. Again, 
the two series of radial bars will appear to rotate in oppo- 
site direction.s. Viewed in another way they appear curved. 

By replacing the slitted disk with the perforated disk, 
and arranging the perforated disk so that it may be retarded 

Fit;. 176. 



Radial l)isks. 

by the frictidn nt the finger, some curious effects will be 
seen. The different rows of h<»les will appear to advance 
and recede in a very erratic way. I'ig. 177, 12 to 15 inclu- 
sive, illustrate the well known and very interesting toy 
known as the chameleon top. I'his top is shown in this 
connection, as the l>eautifid experiments which have been 
adapted to it may be transferred with great advantage to 
the heavier top ; 12 sho-ws the top itself, with the black sec- 
tor lifted out of its normal position to show the colored 
segments on the face of the top. 

When the top is spun with the black sector resting on its 
face, a great variety of changes of hue may be produced 
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by rc'iarding the sector, by tijuchin^ the metallic radially 
ribb< d disk attached to its center. This operation causes it 
to sliift its po.sition on the top, and expose the different col- 
ored. segments in succession. Persistence of vision causes 
the segments to appear as circular bands of color, which 
constantly change. 

When the colored paper ellipses shfjwn at 1 3 are thrown 
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The Chameleon lop. 


upon tlie tt)p and touched by the fiiiirer. the coli>rs arc curi- 
ously blended. 

The tricolored disk shown at 14 is to be supported 
loosely on one of the wires shown at 15. This disk, when 
revolved, yields some very prettv effects. The wires shown 
at 15, when inserted in the hollow top spindle and I'evolved, 
produce the figures shown in the upper portion of the 
engraving, appearing like phantom vases, howls, etc. 



EX 1 >E RI M EiVTA (, SC I EXC E. 


I7.S 

When this experiment is adapted to the large top, the 
wires are replaced by thin nickel-plated tubes, inserted in 
wooden pins fitted to the spindle of the top. The tubes are 
provided at their upper ends with small spherical knobs. 

In addition to the experiments described, there are of 
course many others of equal interest which may be per- 
formed by means of a heavy top. 

The engraving represents an attachment to the “ scienti- 
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Top with Revolvinjf Mirrors — Kocnij^’s Manometric Flames. 


fic top,” by means of which the beautiful and instructive ex- 
periments of Ktjenig may be readily repeated. The part of 
the apparatus carried by the top consists of two pieces oi 
ordinary silvered glass Hooking glass), 2y< by 5 inches, se- 
cured to opposite sides of a light \vt>oden frame of the same 
size, and 3-4 inch thick, by means of strips of stout black 
paper attached to the frame and to the edges of the glasses. 
The upper and lower edges of the wooden frame are bored 
at the center to receive the rod in.serted in the bore of the 
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top Spindle. The frame fits the rod loosely, and is revolved 
by frictional contact with the rod and the upper end of the 
top spindle. This arrangement allows the mirror to revolve 
at a comparatively low rate of speed, the resistance of the 
air causing the mirror frame to slip on the rod. 

It is necessary thus to provide for the slow rotation of 
the mirrors, as the flame points would be blended into a con- 
tinuous band oi light by the persistence of vision were the 
mirrors allowed to revolve as rapidly as the top. 

The device for producing the variable flame is shown in 
perspective in Fig. 178 and in sec- 
tion in Fig. 179. It consists of a 
cell formed of two parts, one in- 
serted in the other, and provided 
with an air chamber, covered b\ a 
diaphragm of very tliin soft rub- 
ber, a gas pipe entering the louer 
side of the cell at one end of the 
diaphragm, and a fine gas burner 
inserted in the cell upon the same 
side of the diaphragm. A mouth- 
piece communicates with the air 
chamber of the cell through a 
flexible tube, and the gas j>ipe leaii- 
ing to the cell is connected with 
the house supplv. Phe gas burner 
is provided with a narrow shade, 
which shields the eve of the oh- st’oum ot Diaphrafjni 

server from the direct light of the ^ 

flame. The top having been set in motion, the mirror is 
applied and .sounds are uttered in the mouthpiece. By 
viewing the reflection ol the flame in the re\a)lving mirror, 
it will ap|)ear as if formed ol a regular series of pointed 
jets, the persistence of the successive images formed on 
the retina causing them to appear as if produced .simul- 
taneously. 

Phe vibrations of the diaphragm due to the sound 
waves impinging upon it cau.se the gas to be pushed out of 
the burner in little puffs, which arc not verf noticeable when 
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the flame is observed directly, but which are clearly 
brought out when examined by the revolving mirror. 

By employing a double mouthpiece, two sets of flame 
points of different lengths alternating with each other may 
be shown. Each vowel sound yields a characteristic scries 
of flame points. A whistle will yield very fine points, while 
a very low bass m)tc will produce scarcelv more than a sin- 
gle point for each half revolution of the mirror. 
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Heat is the manifestation of an extremely rapid vibra- 
tory motion of the molecules of a body. An increase in the 
vclocit)' and amplitude of the vibrations increases the tem- 
perature of the body. A heated mass can impart vibratory 
motion to the ether which fills space and permeates all 
bodies, and these wave motions of the ether are able to 
reproduce in bodies motions similar to those by which thev 
were caused.* 

The more obvious effects of heat are expansion, fusion, 
and vaporization. All bodies increase in volume when 
heated ; gases being the most expansible, liquids next, and 
solids the least. Heat may partially or wholly balance 
molecular attracthm. Hence it is that, wlien heated, solids 
first expand, then (if no chemical action occurs) soften and 
become liquid, and finally vaporize.+ Liquids arc changed 
into vapors, and gases are rarefied. 

i:xi>.\.\sic).\. 

Expansion takes place in all directions. To render this 
phenomenon apparent, an elongated and attenuated body, 
such, for example, as a fine wire, is chosen and its linear ex- 
pansion onlv is noted. Fig. i8o shows an in.strument for e.v- 
hibiting the linear expansion of a long thin wire, i and 2 being 
respectively front and side views. The instrument is pro- 
vided with two .scries of hard rubber ])ulleys mounted on 
studs projecting from a board. A fine brass wire (No. 32) 
attached to the board at one end passes around the .succes- 
sive pulleys of the upper and lower series in alternation, the 
Ia.st end being connected with one end of a spiral spring, 
which is strong enough to keep the wire taut without 

* “ Heat a Mode of Motion,” by John Tyndall, is an interesting popular 
treatise on this subject. 

t Most organic bodies oxidize before tlie temperature of liquefaction is 
reached. 
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Stretching it. The other end of the spring is attached to a 
stud projecting from tlie hoard. The pulleys aie of differ- 
ent diameters, so that each series forms a cone. By this con- 
struction the wire of one convolution is [)rcventcd from cov- 
ering the wire of the next. 

The last pulley of the upper scries is provided with u 
boss, to which is attached a counterbalanced index. A 
curved scale is supported behind the index by posts pro- 
jecting from the board. 

The series of pullevs are u inches apart, and there are 


ISO. 



ten convolutions of wire, so that a small change of tempera- 
ture produces sufficient expansion of the wire to cause a 
perceptible movement of the index. To increase the sensi- 
tiveness of the instrument, the wire is blackened by means 
of smoke or dead black varnish. An electric current pass- 
ing through the wire heats it sufficiently to cause a deflec- 
tion of the index ; the amount of deflection depending, of 
course, upon the strength of the current. 
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SIMPLE THERMOSTAT. 

Fig. 1 81 shows a simple thcrmo.stat which is capable of 
many useful applications. It is represented with an inde.K 
and scale, but these arc not essential for most purposes. 

rhe instrument dcj>ends for its operation on the differ- 
ence between the exjjansio!i of brass and steel. The linear 
expansion of brass is nearly double that of steel, so that 
when a curved bar of brass is confined at the ends oy a 
straight bar of steel, the brass bar will elongate more than 



Thermostat. 


the steel bar when both are heated, and will in consequence 
become more convex. 

At 2 are shown two bars, the straight one being of steel, 
the curved one of brass. The steel bar is slit for a short 
distance in two places at each end, and the cars thus formed 
are bent in opposite directions to form abutments for the 
ends of the curved brass bars, two brass bars being held by 
a single steel bar, thus forming a compound bar, as shown 
at 3. Each compound bar is drilled through at the center. 
Ten or more such compound bars ^re strung together 
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loosely upon a rod, which is secured to a fixed support. A 
stirrup formed of two rods and two cross pieces rests upon 
the upper compound bar and passes upward through the 
support. Above the support it is connected by a link with 
a sector lever which engages a pinion on the pivot of the 
index. The use to which the thermostat is to be applied 
will determine its size and construction. It may be used 
in connection with kilns and ovens and for operating dam- 
pers, valves, and electric switches. 

AIK THERMOMETER. 

The air thermometer, consisting of an air bulb. A, and 
capillary tube. D. plunged in a colored liquid, shows changes 
in the volume of air due to expansion and 
Fi(,. 182. contraction under changes of temperature bv 

A the rising or falling of tlie column of the 

colored liquid in the capillary tube, li is a 
sensitive thermometer, but of little practical 
value, on account of the variability of the 
volume of air by changes of pressure. 

B I’TI.SE (il.ASS. 

The pulse glass (Fig. i<S 3 ) is due to Franklin. 
It ct^nsists of two gla.ss bulbs, formed on op- 
pejsite ends of a tube bent twice at right 
angles, the system being partly filled with 
water, the air hav- 
ing been expelled 
1)}' boiling t h e 

water before seal- 
Air Thermo- jj j ^ 

meter. When the bulb Pulse Glass. 

which contains the water is held in the hand, and the tube 
is placed in horizontal position, the rapid evaporation of 
the water by the warmth of the hand creates a pressure 
which causes the transfer of the water to the cooler bulb. 
The quick evaporation of the thin film of water adhering to 
the sides of the otherwise empty bulb increases the pressure, 
and causes a rapid ebullition of the water in the other bulb, 
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and at the same time carries off the heat to such an extent 
as to produce a very decided sensation of cold.* 

When the bulb is held at an inclination of about 40', the 
water pulsates from one bulb to the other. The interior of 
the cool bulb becomes quickly dry, and evaporation in it 
therefore ceases. The water from the other 
bulb at once flt)ws back into the lower one, to 
be again expelled by renewed expansion and 
evaporation. 

The instrument operates continuously 
and very regularly when placed in a hori- 
zontal position upon a table, with one <jf the 
bulbs in the vicinity of a lamp, that is, 
within eight or ten inches of the flanie, the 
other bulb being placed as far as possible 
away from the flame and shaded. 

'rhe straight form of puKse glass, shown in 
Fig. 184, exhibits the vaporization of water in 
vacuo to better advantage than the bent form. 

When the bulb is held in the hand, the 
rapid evaporation, bv the warmth of the hand, 
of the water flowing through the narrow neck 
of the tube and down the inner surface of the 
bulb creates a pressure of vapor, which finds 
exit through the neck of the tube, and bub- 
bling up through the main body of the water, 
is condensed either in the water or above it. Sometimes the 
tube, when designed for use as a toy. contains the figure of 
an imp, which the ebullition of the water agitates violently. 

THERMOSCOFIC BALANCE. 

The action of the thermoscopic balance, shown in Fig. 
185. is due to the facility with which liquids evaporate in a 
vacuum. A small amount of heat is sufficient to vaporize the 
liquid to the extent required to secure the desired action. 
The instrument is provided with a glass tube bent twice at 
right angles, and having a bulb blown on each end. The 

* This phenomenon is one of latent heat, a subject omitted here, but 
treated at ienj^th in text books on physics. 
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tube and the bulbs, like the pulse i^^lass, are partly filled with 
water, and a vacuum is secured bv boiling the water in the 
bulbs before sealing them. The center of the tube is fur- 
nished with \'-pivots. which rest in bearings in the fop of 
the forked column. 'Fhc column also supports a metal 
.screen, which is bright one side and black on the other. 
Two pins project from the screen to limif the movements of 
the glass tube and bulbs. 

When the instrumciii is in use. the screen is placed 
toward the source of heat, and when radiant heat strikes the 
bulb which is unshielded bv the screen, the water in that 
bulb is vapori/.ed. and sutficient pre'surc is produced ter 
drive the water u]iward into the bulb behind the .screen. 
When a little more than halt of the water has been in this 
manner forced from the lower to the higher bulb, the upper 
bulb preponderates. The tube and bulbs are supported on 
their pivot so as to secure unstable etpiilibrium, so that, 
when the upper bulb begins to descend, it comj)letes its ex- 
cursion at once, and exposes the full bulb to the radiant 
heat, at the same time ctirrving its empty bulb behind the 
screen, where it cools. The transfer ol the water from the 
full bulb to the empty one now <»ccurs as befi.we. This oper- 
ation is repeated so long as the bulbs are exposed to the action 
of radiant heat. The <jscillations mav be f|uickened by smok- 
ing the sides of the bulbs remote from the screen, and .still 
greater rapidity of action may be secured by concentrating 
the heat on the bulbs by means of condensers or reflectors. 

The principle of the thermoscopic balance has been util- 
ized in the construction of an electric meter. To render it 
available for this purpose, a coil is inserted in each bulb 
above the water line and electric connections are provided, 
by which the current is sent through the coils in alternation 
as the bulbs tilt. Fhe current thus commuted heats first 
one coil and then the other, causing the tran.sfcr of the 
water from one bulb to the other in the manner already 
described. Registering mechanism is provided which re- 
cords the number of o.scillations of the tube. The rapidity 
of the operation of the instrument is proportional to the 
strength of the current. 
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CRYUPIIORUS. 

Wollaston’s cryophorus is similar in form and principle 
to the pulse glass, the only difference being that the tube 
connecting the two bulbs is made much larger, to avoid 
choking by ice — a thing sure to occur when the tube is of 
small diameter — the water vapor which is drawn toward 
the empt}’^ bulb (in a manner presentlv to be described) 
being condensed and frozen on the Avails of the tube to such 
an extent as to entirely close it. 

The cryophorus in process of construction is partly 
filled with water, which is boiled in the bulbs before sealing, 
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to drive out the air. When the empty bulb of the appara- 
tus is placed in a freezing mixture of ice and salt, for exam- 
ple, the evaporation of the water in the filled bulb, due to 
the cooling and condensation of vapor in the empty bulb, is 
rapid enough to carry off the heat to such an extent as to 
cause the Avater to freeze. Instead of employing the freezing 
mixture, a spray of ether or bisulphide of carbon may be 
projected upon the empty bulb with the same results. 

This is a \'cry interesting experiment, illustrating the 
principle of freezing by rapid evaporation. It also exhibits 
the change of state of Avater from gaseous through liiiuid to 
solid condition. 



MKAT. 


189 


KADIOMETKR. 

The radiometer is a heat en^jinc of remarkable delicacy 
as well as j^rcat simplicity. It illustrates a class of pheno- 
mena discovered by Crookes, which are difficult to explain 
in a brief and popular way.* 

The instrument consists of a very slight spider of alumi- 
num supporting on the end of each of its four arms a Vfry 
thin mica plate blackened on one side 
and silvered on the other side. 

The aluminum spider is provided with 
a jewel, which rests upon a delicate needle 
point supported at the center of the glass 
globe. 

The spider is retained on its pivot by 
a small tube extending downward from 
the top of the globe. When placed in 
sunlight or near a gas or lamp flame, the 
vanes revolve rapidly. 

An alum cell interposed between the 
radiometer and the source of light and 
heat allows the light to pass, but inter- 
cepts the heat rays. Under these conditions the vane will 
not rotate. An iodine cell, which is opaciue to light, when 
arranged in the same way alknvs the heat rays to go through, 
and these cause the rotation of the vane. 

TVNDALI.’S EXPKKI.MI-NT ON KVDIANT IIE.AT. 

It often happens that students wlu^ desire to test for 
themselves the experiments of distinguished investigators 
are prevented from such instructive pleasures by the notion 
that, for delicate experiments, fine and expensive apparatus 
is required. Such apparatus is undoubtedly desirable and 
pleasant to work with, but where it is not to be had, a little 
courage and ingenuity may provide cheap substitutes which 
will perfectly answer the student’s purpose. The crude 
apparatus herewith figured illustrates this fact. 

* “ The Principles of Physics/' by Alfred Daniel, contains a clear expla- 
nation of the radiometer. 
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The interesting experiment t)f Tyndall on radiant heat 
was suggested to him by l^rof. Bell's photophonic experi- 
ment, in which musical sounds are obtained by the action of 
an intermittent beam of light upon a solid body. Referring 
to this. Prof. Tyndall says: 

“ From the first 1 entertained the ojnnion thaP these 
singular sounds were caused by rapid changes of tempera- 
ture, producing corresponding changes of shape and volume 
in the bodies impinged upon by the beam. But if this be 
the case, and if gases and vapors reallv absorb radiant heat, 
they ought to produce sounds more intense than those 
obtained from solids. 1 pictured every stroke of the beam 
7'esponded to bv a sudden expansion of the absorbent gas, 
and concluded that ulieii tlie pulses thus excited followetl 
each other with sutlicient rapiditv. a musical note must be 
the result. It seemed ))lain, imneover. that by this new 
method many of my ju'evious results might be brought to 
an indejiendcnt test. 1 lighly diathermanous bodies, 1 rea- 
soned, wf)uld jiroduce faint sounds, while highly atherman- 
ous bodies would produce loud sounds — the strength of the 
sound being, in a sen.>e. a measure of the absorption. The 
first experiment, made with a view of testing this idea, was 
executed m the presence ot Mr. (iiaham Bell, and the result 
was in exact accordance with what I had foreseen. ’ 

The writer ha'^ NuecessluUv re))eated Prof. Tyndall’s 
experiment with the simple a]»j)aratus shown in the illustra- 
tion (Fig. iS<S). Apparatus already at hand was utilized. A 
small sized bulbous glass flask, i;f inches in diameter, was 
mounted in a test tube holder, and placed behind a rotating 
pa.steb(.)ard disk, 12 inches in diameter, having twelve aper- 
tures i.f inches wide and i[ inches long. .Several flasks of 
the same capacity were provided and filled with the differ- 
ent gases and vapors, and .stoppered, to be u.scd at conven 
iencc. Near the disk was placed a common gas flame, and 
into the mouth of the flask was inserted one end of a long 
1 ubber tube, the other end being provided with a tapering 
ear tube, placed in the ear ot the listener, whose position was 
sufficiently remote from the apparatus to avoid any possible 
disturbance from the revolving disk or the operator. 'I'hc 
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disk being rotated so as to rapidly intercept the thermal and 
luminous rays of the gas Hame and render the rays rapidly 
intermittent, the effect on the gases and vapors contained 
by the different bulbs was noted. Dry air produced no 
sound ; moistened, it yielded a distinctly audible tone, cor- 
responding in pitch with the rapidity of the interruptions 
of the thermal ravs.* 

Among gases tried, nitrous oxide and illuminating gas 
yielded the loudest sounds. Among vapors, water and sul- 
phuric ether were most susceptible to tlu* intermittent rays. 
A candle flame produced distinctly audible sounds in the 
more sensitive gases, and a hot j)()ker replacing the gas 
flame yielded the same results. 

By using an ordinary concave spun metal mirror, the 
heat of the flame was .satisfactorily projected from a consid- 
erable distance. Considering the crudeness of the appara- 
tus and the delicacy of the action which produces the sounds, 
it appears remarkable that any satisfactory results were 
obtained, and the experiment shows tliat any one interested 
in the finer bratvehes of scientific invc.stigation may often, 
with the exercise of a little care, enjoy, witlujut material 
expense, those deeply interesting experiments. 

RKI'LIXTTO.X AND CONCENTRATION OK HEAT. 

In this experiment the concave mirrors described in a 
previous chapter are employed in reflecting and concentrat- 
ing heat. • 

Instead of placing the watch in the focus of the reflector, 
B, as in the sound experiment, an air thermometer, hi, is 
supported upon two stands, F F, as shown in Fig. 189, with 
its bulb in the focus of the reflector. The bulb is smoked 
over a candle, and when it is nearly cold a drop of water or 
mercury is introduced into the capillary tube to serve 
as an index. The candle is removed until the drop in 
the tube ceases to move. It is then replaced. In a very 
short time the drop will be pushed outward by the expan- 

* The tone to be expected from the gas or vapor when acted on by radiant, 
heat may be determined by blowing through a tube against the apertured 
portion of the rotating disk. 
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sion of the air in the bulb. The candle is a^ain removed^ 
and when the drop has returned to the point of startini^ and 
ceased rnoving^, a luni{j, C, of ice is ])laced on the stand, D, 
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of Heat. 


in the focus of the reflector, A. Immediately the air con- 
tracts in the thermometer and draws the droj) in. Each of 
the two bodies is radiatinj^, and receiving heat radiated fnrni 
the other. lint the ice radiates less than the bulb; hence 
the bull) i^ives out more than it receives, and the fall ot tem- 
perature is shown by motion of the index. 


Fic. 
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THE CONHUCTIVrrV OF MEIALS. 

The conductivity of nuials for heat is admirably shown 
by the simple device illustratctl in Fis^. 190. To a strip, A, of 
iron are attached strips, B C. of brass and tN)p})er. The ends 
of all the strips are bent upwartl and inward, and the ends 
of the strips are split and curved to lorm loops for loosely 
holdinjj; matches, the sulphur eiuls of which rest upon the 
strips by their own gravity. The junction of the strips is 
heated as shown. The match on the copper strip ignites 
first, that on the brass next, and that upon the iron last, show- 
ing that, of the three metals, copper is the best conductor 
of heat and iron the poorest. 

HEAT HCE TO FRICTION. 

Every engineer having machinery in charge knows 
something of this subject. Badly proj)ortioned or poorly 
lubricated journals otten become intensely heated by 
undue friction. Occasionally a red hot journal is seen. 
Wherever there is friction there is heat. Often kinetic 
energy is transformed through friction into heat, which is 
dissipated bv radiation into space, thus causing a loss of 
energy in a commercial sense, while in a physical sense it 
still exists, but in another form. 

HEA'r DUE TO PRESSURE ANI> CC)MPRESSION. 

Hammering a nail rod until it is red hot and forging a 
nail without a hre is (>ne of the feats of the blacksmith. 
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Pneumatic Syrinf^e. 

The compression of the iron by the blows of the hammer 
increases its temperature to such a degree as to render this 
possible. The impact of a bullet on a hard surface gencr- 
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ates sufficient heat to melt the lead of which the bullet is 
harmed. Numerous instances mi^ht be i(iven of the gener- 
ation of heat by the impact of sf)lid bodies. 

Gases are also heated by compression. By placing' some 
dry tinder or cotton moistened with ether in the pneumatic 
syringe (pop gun), Fig. 191, and (juickly forcing in the pis- 
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ton, so as to strongly compress the air 
contained in the barrel of the syringe, 
the temj)erature of the air will be raised 
sufficiently to ignite the tinder or cotton. 


I'ORCK OF 

The candle bomb, shown in Fig. 192, 
exhibits the exj)losive power of steam. 

It consists of a small bulb of glass 
filled with water and sealed. When Candle Bomb, 

the bomb is held in a candle flame by means of a wire loop, 
the water is converted into steam and an explosion occurs.* 

The least expensive machine for applying to mechanical 
work the force exhibited by the candle bomb is the fift\- 
Fic. 193. cent steam engine, slunvn in Fig. 193. It 
is a small and simple machine, but it is far 
more [)erfect than the steam engines of 
our forefathers. It will readily make 800 
to 1,000 revolutions per minute. It is a 
wonderfully inexpensive example of the 
world’s greatest motive power. Its con- 
struction is so well known that an extended 
description seems superfluous. 

The standard which supports the crank 
shaft also forms the support (jf the trun- 
nion of the oscillating cylinder. The pis- 
ton is connected directly with the crank 
pin projecting from the fly wheel. The face of the cylinder 
which contacts with the standard forms the valve for admit- 
ting steam to the cylinder and releasing it after use. A 
paSvSage in the standard conveA’s steam fR)m the boiler to 

* A guard of sonic kind should be placed around the bomb to prevent 
injury to the experimenter. 
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the steam ports. A s[»iral spring on the trunnion draws the 
cylinder aijainst die staiulanl. The cylinder thus arrani^ed 
is made to serve as a safety valve. .\ small alcohol lamp 
is used as a source of heat. 

.tSCEXSK'NAI. POWER OE HE.VrED AIK. 

The ascensional power of heateil air is exhibited by the 
draught of every chimney. It is shown by the tire balloon 
and by the upward tendency ot every tlame. It istlie prime 
factor in the propelling power ot one ol the most ancient ol 

motois--thc windmill; wind 
being only air lusliing tor- 
ward to take the place of lir 
which is rising because it is 
raretied by heat. 

The power derived directly 
from an ascending column ol 
heated ;iir has never been 
utili/cd except as a motor lor 
ventilators, for running nie 
chanical toys, and to some 
extent lor operating small 
mechanical signs. 

'Phe tiiy motor shown in 
the annexeil engraving is too 
familiar to require descrijition. It is generall}’ ])Iaced over 
a lamp chimney or at the side ol a stovepipe, where the 
rapidly ascending heated air may impinge on the inclined 
vanes. The air, acting on the vanes acconding to the well 
known law of the inclined plane, jiroduces a lateral move- 
ment of each vane, and the vanes being restrained at the 
center of the wheel while free at their outer ends arc com- 
pelled to move circularly. 

JtVfiKOMETRY. 

The toy hygroscope serves to show apjiroximately the 
hygrometric state of the atmosjihere. One of the several 
forms in which it is made is showm in the annexed engrav- 
ing. A perforated metal tube, projecting from the back of 
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the figure, contains a short piece of catgut cord, which is 
fastened in the rear end of the tuljc by closing the sides of 
the tube df>wn upon it. The opposite end of the cord pro- 
jects beyond the front of tlie figure, and is attached to the 
arm of the boy. In the hand of 
the arm thus supported is carried 
an umbrella. When the air is dry, 
the catgut cord retains its twist, 
and the arm holds the umbrella out 
of the position of use ; but when 
the air becomes moist, the cord 
swells slightly, and untwists, and 
in so doing raises the boy's arm and 
brings the umbrella v)ver his own 
head and over the head of his com- 
{)anion. 

Another form of the same de- 
vice consists of a house having 
two doors and containing two 
tigures — a man with an umbrella 
and a woman in fair-weather dress : the figures being sup^ 
ported on opposite ends of a bar suspended centrallv by 
a catgut cord. When the cord is untwisted by the action 
of moisture, the man with the umbrella sallies out ; when 
Fii.. i()S. the ct)rd becomes 

tlry, the man re- 
turns indoors and 
tlie woman appears. 

r h e s e simple, 
I)leasing, a n d in- 
structive toys illus- 
trate the action of 
moisture on certain 
porous bodies, and 
are of interest, if 
not of actual use, to the meteorological observer. The 
action of the sensitive leaf shown in the engraving is also 
due to expansion by absori>tion of moisture. The leaf 
consists of a piece of thin gelatinized paper or gold beater’s 
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skin, or ev en of ijelatinc, printed in some fantastic design, 
that of the inennaid being the favorite. When the leaf is 
laid upon the palm of the hand, the moisture of the 
hand is absorbed by one side of the leaf, and more in some 
places than in others, owing to imperfect contact with the 
hand. The moistened portions rapidly swell, thus warping 
the leaf, which twists and writhes in every possible direc- 
tion, as if it were possessed of life. The leaf, being extremely 
thin, quickly becomes dry, S(i that the various contortions 
succeed each other rapidly. 

CHEMICAL THERMOSCOPE, HYCJRO.SCOPIC ANT) LU.MINOUS 

ROSES. 

The chemical thermoscope is made lyv sealing in a tube a 
solution of chloride of cobalt in dilute alcohol. 
When the tube is subjected to a temperature 
of 40 to 50 Fab., the solution becomes pink, 
and as its temperature is raised to 90 or 100 . 
it passes through various shades of purple, and 
finally becomes blue. 

The same salt applied to an artificial ilower, 
a rose for example, renders it visibly h3’gro- 
scopic. When the air is humid, the rose is 
pink : and when the air is warm and drv, the 
rose will he purple or blue. A solution of the 
same salt constitutes one of the synijiathetic inks. 
The luminous rose shown in the same vase 
with the hygroscopic rose is a beautifid example of the 
wonderful property of storing light possessed by some 
bodies. The light-storing {)roperty is given the rose by a 
coating of luminous paint, the basis of 
which is sulphide of calcium. This ro.se, 
if exposed to a strong light during the 
dayT will be luminous throughout the 
night. 

The exact nature of the change 
which takes place in the phosphorescent 
substance while exposed to the light* is 
unknown. It is su{)i)osed to be due to 
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some modifying; action of the light, rather than chemical 
action, it has been ascertained that the y)hosphoresccnce 
takes place in vacuo as well as in air. Lumiiujus paint has 
many practical aj)plications. It is used f)n buoys, guide- 
posts, gates, et<'., to rcnclcr them visible at night. It is 
applied to match safes with obvious advantage. 
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CHAPTER XI. 

Lu;nT. 

Various h3-potl\eses have been made rej^ardiiif^ tlie 
nature and Drijjin of The most important ol these 

are the emission or corpusculai theoi v and the undulatorv 
theory. 

The emission or eorpuseular theory ol liijlit was sup- 
ported by Newton. It supposes li^hl to consist ol exceed- 
in^U' small particles, projected with enormous velocity 
from a luminous body. .Vlthous^h this theory seems to Imve 
support in many ot the phenomena ot lii>ht, the velocity ol 
light alone, as at present recognized, would seem to render 

Fu.. 
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it untenable, however inhuilesimal the projected particles 
might be. Tyndall has said that a body having the weight 
of one grain, mosing with tlie velocity of light, would pos- 
sess the momentum of a cannon ball weighing one hundred 
and fift}' pounds and moving with a velocity of i,ooo feet a 
second; but the most flelicate tests known to .science have 
failed to show that light possesses an}' mechanical force. 

The emission ther)ry of liglit was oppo.sed first by Hooke, 
Huygens, and Euler, wlio believed that the pro[)agation of 
light was due to wave motion. All other eminent .scientists 
supported Newton for one hundred years, but the undu- 
latory theory was finall}' established beyond a question, by 
Young and Fresnel. 
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Sound is propagated by the alternate compression and 
rarefaction of air, the movements of the waves being paral- 
lel with the line of propagation. But not so with light. The 
vibrations of light are at right angles with its line of pro- 
gression. These transverse vibrations, in ordinary white 
light, are in every conceivable direction across the path of 
the light beam. Their course is represented by Diagram i. 
Fig. 199. 

We can readily see h<»w the longitudinal vibrations (>1 
air would affect the ear drum ; 2 shows this action diagram- 
matically, the horizontal line, .\, representing the tympanum, 
and the two arrows the forward and backward motion of 
the air wave. 

Comparatively recent microscopical research has shown 
that the retina is studded with line rods, as shown at B, 
which are susceptible of being influenced by the lateral 
iiioveinents of the particles in the wave front of a light 
beam. 

The (act that light is wave motion necessitates the 
assum|)tion of the e.xistence of a medium far more subtile 
than ordinarv matter, which pervades all matter and all 
space, and is in the interior of all bodies of whatever nature. 
It is thin, elastic, and capable of transmitting vibrations 
with enornu)us velocity. This hypothetical medium is 
called i't/n r. Fverv luminous bodv is in a state of vibration, 
and communicates vibrations to the surrounding ether. 

.\lthough light is pro{)agated in straight line<, its direc- 
tion may be changed bv reflection, by any bodv that will 
not wholly absorb it. The reflection of light from a mirror 
is a well known example of this. I'he direction of light 
mav also be changed bv refraction, by causing it to pass 
Irom one medium into another having a different densitv. 
Bv holding a strip of plate glass obliquely before a pencil 
oi‘ similar object, the bending of the light beam is shown 
bv the apparent lateral displacement of the object. 

Lewis Wright, in his excellent work on light, gives 
Iluvgens’ explanation of refraction as follows: 

" Any beam of light has a wave front across it, and it is 
obvious that in meeting any refracting surface obliquclv. 
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one part of this wave front will meet it before another. Con- 
ceive, then, that while the ether permeates the open struc- 
ture of all matter, it is still hihdered in its motions b}' it, as 
wind is hindered, but not stopped, by the trees. Then trace 
a ray, A B (Fij^. 200), to tlie refracting surface, C D, mark- 
ing off the assumed length of its waves by the transverse 
lines. The front will be retarded at E before it is retarded 
at F, and we may assume the retardation is such that the wave 
in the denser medium is only propagated to G, while in the 
rarer medium it reaches H. It is plain that the beam must 
swing round; but when the side. F, also reaches the denser 
medium, the whole will be retarded alike and the beam 
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Refraction. 

will proceed as before, only slower and in a different direc- 
tion. The theory exactly tits all the phenomena.” 

As the beam emerges from the denser medium, the 
reverse of what has been described occurs, and, provided 
the refracting medium is of uniform thickness and density, 
the beam proceeds in a path parallel with its former course. 

In lenses and prisms the emergent beam takes an obliiiue 
path, and in the case of lenses, cither convergent or diver- 
gent, according to the kind of lens and the position of the 
lens relative to the <jbject. 


PRISMS. 

Any refracting body having plane faces inclined to each 
either is known as a prism. A light beam jiassing through 
such a body is permanently deflected. For examjile, a candle 
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viewed through a prism placed as shown in Fig. 201 will 
appear to the observer in an elevated position. The light 
in this case is twice refracted, once on entering the glass, 
and again on leaving it. 

The toy known as the polyprism consists of a plano-con- 
vex glass having a number of plane facets on its convex side. 

Fn;. 201. 



('ourse of Light through a Prism. 


The facets being at slightly different angles with the 
plane face of the glass, the rays arc refracted differently at 
each facet, thus producing as many images as there are 
facets. One man seen through this instrument appears like 
an assemblage. A coin viewed through it is multiplied as 
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Polyprism. 

many times as there are facets, and a grate fire appears like 
the conflagration of a city. 

This toy illustrates in a crude way the principle of the 
convex lens. The several divisions of the prism arc able to 
so refract a beam of light as to render it convergent, that is 
to say, each division of the prism will bend as much of the 
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beam as it receives, so that all of the lifjht passing^ through 
the prism will be concentrated upon one spot, which will 
correspond in size with one of the facets. This spot marks 
the principal focus, a point at which the rays cross, and 
beyond which they diverge. 

LENSES. 

A lens mav be regarded as an infinite number of prisms 
of gradually increasing angles arranged around an axis. 

Fir.. 203. 



Hypothetical l.,ens. 


This idea is illustrated by Fig. 203, in wliich is shown a 
hypothetical lens formed of prisms of different angles. 

Rays of light proceeding from the point, S, to the Icn'- 
are refracted differentlv, those meeting the outer portion of 
the lens being more deflected than those passing through 
the inner portions, while the rays coinciding with the axis 
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Forms of Lenses. 


arc not refracted. The emergent rays converge to the 
point. S'. Where there is an infinite number of inclined sur- 
faces, the lens will have spherically cc)nvex surfaces. 

Of converging or magnifying lenses there are four forms, 
three of which arc shown at i 2, 3, in Fig. 204; i being a 
double convex lens, 2 a plano-convex, and 3 a convex menis- 
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cus. I'he fourth form, which is a doul^le convex with curved 
sides of different radii, is known as a crossed lens. 

Of diverj^inj^or diminishing^ lenses there are three forms, 
winch are also represented in Fi<^. 204; 4 being a dcnible 
concave, 5 a plano-concave, and 6 a concave meniscus. 

Parallel rays on entering a double c<jnvex lens are re 
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Principal Focus of a (Ujavv\ Len^'. 

fracted, and on leaving tlu- lens they are again refracti‘d so 
that thev all converge at the point h. which is the principal 
focus. The focal length of the lens is the distance from the 
lens to the focal point. 

When light jjroceeds from a ])oint and is rendered con- 
vergent bv a lens, as shown in Fig. 203. the point to which the 
rays converge and the point Jroin which the light emanates 
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Principal Focus of a Concave Lens. 


mark the /tx i the lens. Light pnK'eeding from 

the point, S', will converge to the point, S, and in like man- 
ner light proceeding from S will converge to the point, S . 

A concave lens renders a parallel beam divergent, an 
action which is the reverse of that of the convex lens. If 
the divergent rays, after ])assing through a concave lens, 
are produced backward, as indicated by the dotted lines in 
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Fig. 206, they will meet in the point, F. which is called the 
principal focus. 

Rays of light whicli converge toward the point, S , Fig. 
207, betorc refraction, will, after refraction, converge to the 





('tmverL»inir Rays, ('oiu'cx Lens. 

point, S, between the princi[)al focus. F. and the lens, and 
light emanating from the point. .S. will diverge after passing 
through the lens. 

Converging rays passing through a concave lens will 
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Divcr^inj^ Rays, Concave L<‘ns. 


become less convergent or parallel according to the dis- 
tance of the point toward which thev converge. 

Rays proceeding from the point, L (Fig. 20<S), to and 
through the concave lens are rendered more divergent. It, 
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Real anti Diminished Imaj^e. 

in this case, the divergent rays, after j)assing through the 
lens, are produced backward, as indicated by dotted lines, 
they will converge toward the [)oint, /, between the princi- 
pal focus, C, and the lens. 

An object, A B (Fig. 209), placed in front of a convex 
lens at a distance greater than its principal focal length will 
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have a real iinafjfc, b, on liic other side of the lens This 
imaf^e is inverted and may be either larger or smaller than 
the object. By holdinj^ a double convex lens between the 
object and a white wall or screen, the inia^c may be seen. 



Real and MaunifieJ linage. 


By chan^iiij:^ the relative distances of the object, the lens, 
and the screen, the size of the ima<^e may be varied. In 
Fig^. 209 the object is distant more than twice the focal 
lenjjth of the lens. The photographer's camera exemplifies 
this principle. 

In Fitr. 210 is illustrated a case in which the lens is 
nearer the object, .V B. A mag-nified real image is })n)- 
duced. In this case the distance of the object is g^reater 
than the single focal length of the lens, but less than twice 
its focal length. The projecting lantern exemplifies this 
principle. 

Fig. 211. 



When an object, A B (Fig. 21 1\ is placed between the 
lens, (), and its princijial focus, /', a virtual image, a b, is 
formed which is erect and magnified, and which appears at 
a greater distance than the object. This figure illustrates 
the manner in which objects are viewed by an ordinary 
magnifying hand glass. 
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One of the simplest of toys Illustrating the action of 
convex lenses is the water bulb magnifier. 

It is a small hollow s])here of glass filled witli water and 
Fn;. 212. provided with a j)ointcd wire arm lor 



supporting the object to he examined 
It is a Coddington lens lacking the 
central diapraglnn. It answers very 
well as a !iiicro'<eo]>e of low power, 
and illustrates refraction as exhibited 
hv glass lenses. It receives the ra\s 
from the object placed within it-^ locus. 


and refracts them, rendering tliem con- 


Watir fJulb M.tyniiifr vergciit Upon the opposite sidi' of the 
bidb ; but all of the ravs do not converge exai'tlv at one 
point, so that the image, except at the center ol the held, is 
distorted and indistinct. rhis effec t is splierical aberration. 


Mikla iR-'. 

The convex cvlinder mirror shows an ordinary object 
very much contracted in one direction. 

The pictures acc')m[iauving these mirrc)rs are distort(.*d 
to such an extent as to render tlie object unrecogni/:able 
until viewed in the mirror, which corrects the image. 

By tracing the incident ray from any j)oiut in the picture 
to a ccjiTCSpcmding {>oint in the image in the mirror, them 
tracing the reflected ray from the same jjoint in the mirror 
tc) the eye, it will be fejund that in this, as in all other mir- 
rors, the simple law of reflection aj)i)lies ; that is, that the 
angle of incidence and the angle of reflecticjn are equal. 

The ccjncave cylindrical mirror (Fig. 214) is the rev'crse 
of the mirror just described. It produces a laterally ex- 
panded image of a narrow ])icture, and while the convex 
cylindrical mirrcjr disperses the light from a distant source, 
the concave mirror renders it convergent ; but, as in the 
case of the water bulb, the reflected rays do nc^t focus at a 
single point, but cross each cither, forming caustic curves. 
These curves may be exhibited by placing an (ordinary 
cylindrical concave inirroredgewi.se on a white surface, and 
arranging a small light, such as a candle or lamp, a short 
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FK/. 213 
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Convex Cylindricnl Mirroi. D’.Moiied IMrtiin* lo bf viewed in Minoi 
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Concave Cylindrical Mirror, Caustics. 
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distance from the mirror, as shown in the engraving. The 
same phenomenon may be witnessed by observing a glass 
partly filled with milk, arranged in proper relation to the 
light. The inner surface of the glass serves as a mirror, and 
the surface of the milk serves the same purpose as the 
white paper. A cvlindric napkin ring will show the curves 
tinder similar conditions. In fact, any bright concave cylin- 
drical surface will do the same thing. 

A convex spherical mirror distorts to a remarkable 


Fig. 215. 



Spherical Mirror. 


degree. .V silvered glass globe held in the hand yields 
an image something like that shown in the engraving. 

The size of the image depends upon the distance of the 
mirror, and is always less than that of the object. The 
farther the object is, the smaller is its image. This exjilains 
the distortion of the image, which appears to be behind the 
mirror. 

The spherical concave mirror produces effects which are 
the reverse of those just described if the object be nearer 
than the principal focus. In this case, as in the other, the 
virtual image appears behind the mirror, and is a magnified 
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one. The image which appears in front of the concave mir- 
ror may be either larger or smaller than the object itself, 
depending upon the position of the object relative to the 
mirror and the observer. 

It is inverted, and is formed in the air. A candle placed 
between the center of curv^ature of the mirror and the prin- 
cipal focus forms an inverted image in air, whicli is larj|;er 
than itself. 

PI I ANTC) M HO U U I'-T. 

The phantom bouquet, an interesting and very beautiful 
optical illusion, is produced by placing a bunch of flowers 

Fig. 2 1 6. 



Conenve Mirror, Phantom Bouqnct. 


(either natural tir artiftcial) in an inverted position, behind a 
shield of some sort, and projecting its image into the air 
by means of a concave mirror. A magnifying hand glass 
answers tiie purpose, if of the right focal length, and a few 
books may serve as a shield. Two black-covered books are 
placed upon one end and arranged at an angle with each 
other, and a third book is laid horizontally on the ends of 
the standing books. I'he bouquet is hung toj) downward in 
the angle of the books, and a vase is placed on the upper 
book, over the hanging bouquet. 
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The concave mirror is arranged so that the prolongation 
of its axis will bisect the anj.d- formed bv lines drawn (rom 
the top of the vase and the upper part of the suspended bou- 
quet, and it is removed from the lH)uquet and vase a distance 
about ecpial ti) its radius of curvature. 

A little experiment will determine the correct position 
for the mirror. When the [)roper adjustment is reached, a 
wonderfully real image of the lK)u(}ue( a})pears in the air 
over the vase. It is necessarv that the spectator shall be in 
line with the vase ami mirror. With a good mirror and 
careful adjustment, the illusion is very ct)mplete. The 
bouquet being inverted, its image is erect. \ very effective 
way of illuminating the t)ou(|uet, which is tlue to Prof. W. 
Le Conte Stevens, ol Brooklvn. is shown in the engraving. 
It consists in placing two caiullcs near the boiKpiet and 
behind the shield, t)ne candle upon either side of the bou- 
quet. In addition to this, he jilaccs the entire apparatus on 
a pivoted board, s(j that, it may be swung in a horizontal 
plane, allowing the phantom to be viewed by a number o( 
sjiectators. 

riiis. simple ex])criment illustrates the principle of Iler- 
schel's retlectinc' teic'copc. In that instrument the image of 
the celestial object is projected in air by reflection and inag- 
nitied l.)y the lenses ot the evepiecc. 

Mri.ril’l.F KLFLEC'I'IO.X, 

The kaleidoscope is one of the most beautiful and inex- 
pensive of o[>tical On s. It can ite purchased in the ordinary 
form f<»r five or ten cents. It is sometimes elaborately 
mounted <m a stand am) provided with specially prepared 
objects. It consists <>i a tube containing two long mirrors 
commonl}' formed of strips of ordinary glass, arranged at an 
angle of 6o . witli a plain glass at the end of the mirrors, 
then a thin sj^ace and an outer ground glass, the space being 
jjartly filled with bits of broken gla.ss, twisted glass, wire 
cloth, etc. 'Die mirrors may be arranged at any angle 
which is an aliquot part of 360 . When the mirrors, « /f, arc 
inclined at an angle of 60 , as in the jiresent case, the object, 
<r, tirgethcr with the five reflected images, will form a hexag- 
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onal figure of great beauty, which may be changed an infin- 
ite number of times by turning the instrument so as to cause 
the bits of glass, etc., to fall into new positions. 

The images adjoining the object are formed by the first 
reflections of the object. The images in the second sectors 
are formed by second reflections, and two coincident images 
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I, P.irts of Kaleidoscope 2, The Fisore, 3. Kaleidoscope. 

in the sector diametrically opposite the object are formed by 
third reflections. 

In most kaleidoscopes a third mirror is added, which 
multiplies the effects, and in the best instruments an eye 
lens of low jiower is provided. 

ANALYSIS AND SVxNTHESIS OF LIGHT. 

An ordinary glass prism, such as may be purchased for 
fifty cents, is sufficient for the resolution of a beam of white 
sunlight into its constituent colors. By projecting the dis- 
persed beam obliquely upon a smooth, white surface, the 
spectrum may be elongated so as to present a gorgeous 
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appearance. It is m>t clifticult to understand that whatev'cr 
is exhibited in the spectrum must have existed in the lij^ht 
before it reached the prism, but the recoin bininj^ of the col- 
ors of the spectrum so as to produce white lig^ht is of course 
conclusive. 

The colors of the spectrum have been combined in sev- 
eral ways, all of which are well known. Newton’s disk does 
it in an imperfect wa}* by causing the blending, by persist- 
ence of vision, of surface colors presented by a rotating 
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Simple Rocking Prism. 

disk. Light from different portions of the spectrum has 
been reflected upon a single surface by a series of plane mir- 
rors, thus uniting the colored rays forming white light. The 
colored rays emerging from the prism have been concen- 
trated by a lens upon a small surface, the beam resulting 
from the combination being white. Besides these methods, 
the spectrum has been recombined by whirling or rocking 
a prism ; the movement of the spectrum being so rapid as to 
be beyond the power of the eye to follow, the retina receiv- 
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in/? the impression merely as a band of white light, the col- 
ors being united by the superposing of the rapidly succeed- 
ing impressions, which are retained for an appreciable length 
of time. 

The engravings show a device to be used in place of the 
ordinary rocking prism. It is perfectly simple and involves 
no mechanism. It consists of an inexpensive prism, haying 
attached to the knob on cither end a rubber band. In the 
present case the bands arc attachecl by making in each a 
short slit and inserting the knobs of the prisms in the slits. 
The rubber bands are to be held by inserting two of the fin- 
gers in each and drawing them taut. The prism is held in 
a beam of sunlight, as slK)wn in Fig. 

218, and with one finger the prism 
is given an oscillating motion. The 
band of liglit thus elongated will 
have prismatic colors at opposite 
ends, but the entire central portion 
will be white. To show that the 
colors of the sitectrum j>ass over 
every portion of the path of the 
light, as indicated by the band, the 
prism may be rocked very slowly. 

.\n ordinary prism mav be matle to exhibit several Fraun- 
hofer’s lines by arranging it in front of a narrow slit, through 
which a beam of sunlight is ad.nitteil to a darkened room. 
One side ot the prism in this experiment must be adjusted 
at a very small angle witii tlie. incident beam. The spec- 
trum will contain a number of fine dai*k lines, known as 
Fraunhofer’s lines. 

These lines tell of the constitution of the sun. The prin- 
ciple illustrated by this experiment is the one upon which 
the spectroscope is based.* 

SIMPLK METHOD OF PRODUCING TIIK SPECTRUM. 

Color is a sensation due to the excitation of the retina 
by light waves having a certain rate of vibration, rhose 

* For further information on this subject thd reader is referred 
“Studies in Spectrum Analysis,” by J. Norman Lockyer. 
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having the highest rate capable of affecting the eye arc per- 
ceived as violet, while those of the lowest rate are perceived 
as red. .\ccording to Ogden Rood’s “ Modern Chromatics,” 
the rate of the former is 757 billions of waves per second, 



that of the latter is 395 Inilions of waves per second, and 
between these extremes are ranged waves of every po.ssi- 
ble rate, representing as many colors. When light waves of 
all periods arc mingled, there is no color — the light is white. 
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Newton discovered a way of resolving white light into ih 
constituent colors. He made exhaustive experiments with 
prisms, first producing the gorgeous array of colors known 
as the spectrum, then recombining the colored rays by means 
of another prism producing white light. He found that the 
colors of the spectrum were simple, ; e., they could not be 
further decomposed, and he also demonstrated that the'red 
rays were the least and the violet rays the most refrangible. 

The solar spectrum is always a delight to the eyes of 
every person having normal eyesight, and it is a simple mat- 
ter to produce it by means of a prism. When a prism is 
not available, it may be produced in the manner illustrated 
by Figs. 220 and 221. This method is inexpensive, and 
yields a large spectrum. The materials required are a piece 
of a plane mirror, five or six inches 
square, a dish of water, and a sheet 
of white paper or a white wall. 

The mirror is immersed in the 
water and arranged at an angle of 
about 60'^ ; this angle, however, 
may be varied to suit the direc- 
tion of the light. The incident 
beam received on the mirror is re- Diagram of Spectrum 
fracted on entering the water and .\pparatus. 

dispersed. It is further dispersed upon emerging from the 
water. By causing the reflected beam to strike obliquely 
upon the white paper or wall, the spectrum thus produced 
may be made to cover a large surface. 

Should the sun be too high or too low, the proper direc- 
tion may be given to the incident beam by means of a sec- 
ond mirror held in the hand. The diag*'am, Fig. 221, shows 
the direction of the rays. 

Some very interesting absorption experiments may be 
made in connection with this simple appaiatus. For ex 
ample, colored glass, or sheets of colored gelatine, may be 
placed in tlie reflected beam. If I'ed be placed in the path 
of the beam, red light, with jjcrhaps some yellow, will pass 
through, while the other colors will be absorbed, and will 
not, therefore, appear on the wall. With the other colors 
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the same phenomenon is observed. Each colored glass or 
gelatine is transparent to its own color, but opaque to other 
colors. It will be observed that few bodies have simple 
colors. 

In a similar manner a piece of red jiaper or ribbon 
placed in the red portion of the spectrum will reflect that 
color, but if placed in some other part of the spectrum it will 
appear dark, the other colors being abstu bed or ({uenched by 
the colored surface. It is seen by these experiments that 
when light passes through a colored glass or film, it does 
not retain all its colors. It is sim{)ly a matter of straining 
out every color except that to which the glass or film is 
transparent. In reality only a small part of all the light 
striking the colored glass passes through it. 

In the above ex[)eriment it is essential to avoid all jari'ing 
of the water, as ripples upon its surface defeat the experi- 
ment. If it is possible to so })lac(; the dish as to avoid jar- 
ring, the ripples may be prevented by sus])cnding a trans- 
parent plane glass horizontally, so that its under side will 
just make contact with the surface of the water. 

Xi:W CHROMATROJ’K. 

A novel toy which illustrates some of the phenomena 
of color is illustrated by I'ig. 2C2. Ujjon the spindle, A. is 
secured a star, B, fornu'd ol two triangular pieces of paste- 
board arranged so that tlieir points alternate. One triangle 
is red, the other bluish green — complementary colors, 
which produce white when they are blended by the rotation 
of the star. In the angles of one of the sbirs are secured 
wire nails, which serve as pivots for the three disks, C, as 
shown at i and 4. Each disk is divided into three equal 
parts, which are colored respectively red, green, and violet. 
The disks overlap at the center of the star, B. 

Around the spindle, A, is wound a cord which passes 
through the loop formed in the star frame in which the 
spindle is journaled, and is provided at its end with a button, 
D. By j)ulling the cord, the star, B, is whirled first in one 
direction and then in the other. As the series of disks, C, 
turn, the colors are blended in different ways, according to 





JJ9 


the relative arran^jcnient of the different sections. AJl the 
phenomena of the blcndinj^^ of surface colors arc illustrate<i 
by this simj)le toy. At times the center will be a fine j)ur[)le, 
while the outer part is green. At other times some ))ortions 
of the color disk presented by the rotating disks are white, 
sliowing that a prf)per mi.xture of the three primary colors 
yields white light. ' 

At the instant <A the change of rotation from one dircc- 

Fl<; 222. 
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prevented from turning’ on tlieir pivots bv stretching over 
each disk a small rul>ber band. 

The maker of this simple toy has succeeded in securing 
colors which produce remarkably good effects. 

r'KRSISTKNCE OK VISION. 

rhe zoetntpe. or wheel i»f life, is a common, but interest- 
ing, optical toy. It de{>en(ls for its i urioiis effects uj>on tlie 
persistence of vision. It consists of a cvlindrical paper box 
mounted on a j)ivot, and ha\ing near its iip[)er erlge a series 
of narrow slits, which are ])arallel with its axis, -\gaiv.st the 
inner surface of the wall of the box is plact'd a paper slip, 
carrying a number of images of ilie same object arranged in 
as manv dilfi rent positions, each imtige dit- 
fering sUghtlx from the adjoining images, 
the successive positions of the several 
images being such as to complete one 
entire motion or series of motions. 

When t hese ])ictures are viewetl through 
the slits, as the box is turned, the e\e 
glimpses the ligures in succession, and 
retains the image of etich during the time 
of eclipse bv the [Ktper between the slits and until the next 
figure appears. Tin* images thus blend into each other, anti 
give the figure the appearance of liietind action. 

Some very interesting studies for the /oetrojie have been 
produced bv the aid of instantaneous photography. 

IkR.MiIATloX. 

Brilliantly illuminated white surfaces and self-luminous 
bodies, when emitting white light, appear to the eye much 
larger than they rtiallv are. in nature examples of this 
phenomenon are presented by the sun, moon, and stars. The 
sun, viewed with the naked eye, appears very much larger 
than when the light is modified by a smoked glass. The 
crescent of the moon appears to project beyond the moon’s 
periphery ; and the stars, which are mere jioints of light 
even when viewed through the largest telescope, appear to 
the eye to have a disk of some size. 


Ffu. 223 






r.ioiiT. 


221 


This phenomenon — ktiown as irradiation — is due to the 
stimulation or symj)athetic action of tlic nerves of the 
retina adjoining those which actually receive the image. 

The ends of pieces of injii heated to incandescence by 
the blacksmith for welding seem to be unduly enlarged— 
an appearance due to irradiation. 

Without doubt the most striking illustrations of irradia- 
tion are to be tound in electric illumination. The electric 
arc, which is no larger than a pea, ai)j)ears tc; the eye as 
large as a walnut ; and the tilamentof an incandescent lamp, 
which is scarcely as large as a horsehair, appears as large as 
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.An Ex.impK' of Irrndi.ntion. 


a small lead pencil. In viewing an ordinarv incandescent 
lamp, it is difficult to believe that the delicate filament is not 
in some way immcnselv enlarged bv the electric current or 
by the heat, but the experiment illustrated by the engraving 
shows that the. size of the filament is unchanged, and proves 
that the effect is produced in tlie eve. 

I'he experiment consists merely in holding a smoked 
or darkly colored glass between the eye and the lamp. The 
glass cuts off a large percentage of the light, and enables the 
eve to see the filament as it reallv is. 
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The effects of irradiation are different in different per- 
sons, and they are not always the same in the same person. 

INTENSITY OF l UlIIT. 

It is estimated that 5,500 wax candles would be required 
to illuminate a surface twelve inches distant as strongly as it 
would be illuminated by the sun, while the light of a single 
candle at a distance of 126 inches would equal that of the 
full mot)u. The relative intensities of the light of the sun 
and moon are as 600,000 to i. 

Light from different s<)urces can be compared and mens 
ured by the photometer, several forms of which have been 
devised. The usual way of determining the intensity of 
light from any source is to compare it with, a standard of 
illumination, a “sperm candle weighing p>ound, and burn- 
ing IJO grains an hour, " being commonly used for this pur- 
pose. Thus it is that a ga^^ tlame 01 an electric lamp is rated 
at a certain candle [xover. 

(Jwing to tlie divergence of luminous rays, the intensitv 
of light decreases rajiidly a> the illuminated surface is 
removed from the >ource of light. Tins may be readily 
shown by holding a screen, say 12 indies sipiari*, half way 
between a lam[) and the wail. The shadow of the screen on 
the wall will be 24 inches srpiare. H the light falling on the 
screen be allowed to proceed to the wall, it wdll cover the 
area which was before m the shadow of the screen. This 
area being four times as large as that of the screen, it is 
seen that the light which w as received on the .screen must, 
when distributed upon a surface four times as great, be 
reduced in intensity to one-fourth of that falling on the 
screen. It is thus shown that the intensity of light is 
inversely as the stpiare ot the distance; that is, when the 
distance of the illuminated surface from the source of light 
is dfHihled, it receives one-fourth the amount of light; at 
three times the distance, onc-nmth, and so on. 

The law of inverse sejuares may be demonstrated by the 
extemporized photometer, shown in Fig. 225. In front of a 
white cardboard screen is supjrorted an opaepte rod. The 
sources of light to be compared arc arranged sir as to ca.st 



LIGHT. 


223 


separate shadows of the rod on the screen. If the sources 
of light when equally distant from the screen form shadows 
of the same depth, their illuminating power is the same. 

When, however, the intensities of the two lights differ, 
the shadows will differ, and it will be necessary to remove 
the stronger light to a greater distance to secure shadows of 
equal depth. 

In the experiment illustrated, the single candle being 
distant one yard from the screen, it is found that the group 
of four candles must be placed two yards from the screen 
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to secure shadows of the same intensity. Nine candles 
would require removal to a distance of three feet, and s>,) on. 
All the candles of the group must be in tlie same line in tlic 
direction of the rod. The eye is able to detect a dilTcrencc 
of one-sixtieth in the values of the shadows, provided the 
lights be of the same color. 

OPTICAL ILLUSIONS. 

It is sometimes difficult, even for the practiced eye, to 
iccurately estimate distances and dimensic'us, and to cor- 
rectly appreciate forms. Very' much dcj)cnds upon the 
I elation of the object viewed to surrounding objects. 1 wo 
straight parallel lines of equal length would be appreciated 
by the eye in accordance with the facts, but when a light 
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line is drawn perpendicular to a heavy one of the same 
Icnj^fth, as in Fiaf. 226, the eye at once accords the ajrealer 
ienafth to the lighter line. 

In the case of two like parallel lines jitiiKnl at the ends 
in one case with outwardly convergent lines aiul in tlie 
other with outwardly divergent linesi Fii;-. __>7\ the apparent 
dilference in llie leiiijth of the lines is consitlerable. 

It often liai'pens in ena-ineerina: drawini^ that a sectional 



view will present some curious distortions, which ,a;ive tlie 
drawing the a])pearance ol being incorrect, l)nt which in 
reality are (uily illusions. Fig. J2S is an e.\ami)le taken 
from such a drawing. 

In Figs. 229 and 230 are shown exam|»les ol line combi- 
nations in which series ot oppo^-itely disposed obiicpie lines 
are joined to parallel lines. In big. 229 the latter appear to 
bend outwardly and in big. J^o they seem to L'cnd inwardly; 
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{loiii l^n^auccriti;^ Drawing. 


but by looking at the diagrams lengthwi.se, or through 
[lartly closed eyes, the f)arallel lines appear as they realiy 
•ire. 

.\ more marked example of the effects of oblicpie lines on 
a series of parallel lines is shown in big. 231. 

In Fig. 232 the .single oblique line extending above the 
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Figs. 22(j and 230. 






Apparent Deviation by Oblique Lines. 


Fn;. 231. 



Parallel Lines appearing Alternately Convergent and Divergent. 



Apparent Disi)lacement ol a i^inglc Oblique Line. 
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black bar appears to he a prolongation of the lower oblique 
line below the bar. That such is not the case may be shown 
by placing a card against the line above the bar or sighting 
it endwise. It will thus be slu)wn that it is a prolongation 
of the upper of the two lines below the bar. 

The curious optical illusions shown in Figs. J33 and 234 
Averc published some time since in a Frencl; scientific 
journal.* 

Fig. 2y5 represents two pieces ol paper or cardboard cut 
intt) the shape ot arcs ot a tir*.!'.. Wliicli is tlu’ larger ol 
the two? Id this the answer will certainU be: “ It is 
No. ” Hut if No. 1 be placetl uiuler No. J, the answer will 
he just the reverse. I'he tact is that both are exactlv .'1 the. 
same size, as inav be seen bv measuring them, or b\ laving 
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one u[)on top of theotiier. When the two hgures are ])laced 
so close together that their edges touch, the illusion is still 
greater. 

Which is the tallest of the three persons ligured in the 
annexed engraving? If we trust our eyes, we shall cer- 
tainlv sav it is No. 3. Hut if we take a [lair of compasses 
and measure, we shall find that we have been deceived 
bv an optical illusion. It is No. 1 that is the tallest, and 
it exceeds No. 3 by about O'OS inch. 

The explarration of the phenomenon is very simple. 
Placed in the middle of the well calculated vanishing lines 
the three silhouettes are not in perspective. Our eye i.* 
accustomed to see objects diminish in proportion to their 
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distance, and, seeming to sec No. 3 rise, concludes there 
from that it is really taller than the figures in the fore 
ground. 


An Optfrnl Illusion. 

The origin of the engraving is no less curious than 
the engraving itself. It serves as an advertisement for an 
English soap manufacturer, who prints his name in van- 
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ishing perspecrivo between eaeh of the decreasing lines, 
ami places the cut thus formed in a large number of 
English and American newspaj>ers. 

Here is a row ol letter S's ami one of figure ciglits, taken 
at random.* At a casual inspectit)n the reader might say the 
letters were symmetricallv made — that is, the top and bot- 
tom lobes of the figures and letters the same size — though 
upon a chtse inspection he would either sav that it was 

S S S S s s s 

8 8 8 s 8 8 8 

doubtful wHiether any ditlerence existed or he would notice 
the true relatioji that exists, the top lobe being the smaller. 
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Let him, however, turn this page upside down, and the most 
cursory glance possible will show him their shapes, and the 
dissimilarity between the upper and lower halves will strike 
him with astonishment if he never tried the experiment 
before. 

One of the most interesting of optical illusions is that 
devised by Prof. Silvanus P. Thompson. This is illus- 
trated by Figs. 235, 236, and 237. The first of these figures 
is composed of a series of concentric rings about a twen- 
tieth of an inch wide and the same distance apart. If the 

* Mr. G. Waimouj^h \Vt bster, in British yournal of Photography. 
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illustration is moved l)y hand in a small circle without rotat- 
inj^ it, i. if it is j^iven the same motion that is required to 
rinse out a pail, the circle; will revolve around its center in 
the same direction that the drawini^ moves. 

A black circle (Fi{^. 236) havinj^ a number of equidistant 
internal teeth is jjrovided for the second experiment, the 
drawinf^ beinij moved in the manner alK)ve described, but in 
a contrarv direction. ' 

In Fis. 237 is shown a combination of the toothed and 
concentric circles. 

Bv means of phot(j<^raphic transjjarencies Mr. Thomp- 
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son has shown these fissures on a screen on a larg^e scale, 
and by moviiif^ the plates as before described, the figures 
on the screen were made to rotate.* 

When viewed in a microscope under certain conditions, 
the minute markings of some of the diatoms appear as hex- 
agons, while under other conditions, and with a fir.st-class 
objective, they appear spherical, 

M. Nachet, the French microscopist, has published a 

* O., 0-1 p. 133, vol. 41. Scifutific A'lifricait^ turnishes .in explan.ition 

of tlu' phi'nomena of these circles. 
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curious i>ptit ill illusion which, he thinks, accounts for the 
markini^son the diiitoins appeiirinj^ as hexagons. 

The circular spots ( Fig. 238^ are arranged as nearly as 



possible like the markings on the diatom called Phiirosit^ina 
angulixtum. If the tigiire is viewed through the evelashes 
with the eves partly closetl, the circles will appear as hex- 
agons. 

Fiu. '->39. 



In Fig. 239 is shown a negative reproduction of Fig. 238, 
in which the spots are white on a black ground. When 
these figures are compared, the white spots, on account of 
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irnuiiation, appear much larger than the black ones, althouf^h 
they are of exactly the saiae size. 

Fi{(. 240 illustrates au iuterestin<( illusi<m observed by Mr. 
J. l'la|)ieff, the well known electrician. The apparatus con- 
sists of semicircular and circular wire loops, provided with 
axles, by which they may be twirled between the thumbs 
and fingers. The lower row of figures shovvs some of the 

> 
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RapielT's Optical Illusion. 


loops used in the experiment, while the upi)cr figures repre- 
sent the effects j>roduced. I'he wire has a polished suriacc. 
When the single semicircular hu)p is twirled, the only effect 
is to ])roduce a gauzv glinnner of spherical form, as shown 
in the upper right hand figure. When three of the loops 
are joined together, each extending from the i>ther at an 
angle of 120’, the figure produced is similar to that already 
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described, but with two perfectly distinct curved black lines 
extending from one axle to the other, as shown in the upper 
central figure. When four loops arc joined at rigiit angles 
to each other, three jet black lines are shown, as indicated 
in the upper left hand figure. A circular loop shows a sin- 
gle black line. 

This curious effect is produced by lu)kling the apparatus 
so that the light is reflected as much as possible from the 
inner surface of the wire. The result is due to the eclipsing 
of the bright surface by the shaded portion of the upper 
loop as it passes between the eye and the lower loop. The 
whole of the loop is not eclipsed at the same instant, but 
persistence of vision causes the entire eclipse to he seen at 
once. 

Success in this exjieriment depends uj)on holding the 
loops in the right position relative to the light, as well as 
the {»r<)vision of the proper background, d'he loops should 
be held over a dark ground, with the axles parallel with the 
plane of vision. 
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CHAPTER XII. 


ro i..\ k I z i: i> lk.h t. 

Glass, like all uncrystallized bodies, is said to be single 
refracting, because it diverts the ray in <jne direction only. 
By placing a rhomb of Iceland spar f)ver a small black spot 
formed on a piece of white paper, two images of the spot 
appear, showing that the beam of light has been split up 
into two rays, one of which is called the ordinary 
ray, the other the extraordinarv ray. .Vs the rhomb is 
turned, the extraordinarv rav moves around the ordi- 



nary one, and the image of the spot produced by the 
extraordinary ray appears nearer to the observer than 
the spot itself. This property of splitting the ray trans- 
mitted through the crystal, which was first noticed and com- 
mented on by Erasmus Bartholinias, in 1669, is known as 
double refraction. It is possessed by many crystalline bodies 
in a greater or less degree. Both rays emerging from the 
spar have acquired peculiar proj)erties. 

Newton, after investigating the properties acquired by 
light iij its passage through the spar, concluded that the 
particles had acquired characteristics analogous to those of 
magnetized bodies, that is, they had become two-sided, and 
were, in fact, polarized. » 
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Light, in the state of two-sidedncss as observed by New- 
ton, is still known as polarized light. By inserting the 
double refracting crystal known as tourmaline between the 
eye and the rhomb of spar, and turning it, the ordinary and 
extraordinary rays will be extinguished and will reappear in 
alternation. All vibrations, except those executed parallel 
with the axis of the tourmaline, are (luenched. A Nicol 
prism (to be described later on', will do the same thing. 
When the Xicol is turned, the black ^pots seen by the 
two rays bee'ome alternafelv visible and invisible. One- 
quarter of a revolution of the i)i isin is suflii ient to extin- 
guish one ray, and bring the other out ; and a lurtlu : turn- 
ing of the prism through another (juarter of a iev(»lution 
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reproduces the extinguished spot and effaces the visible 
one. This experiment shows that the vibrations ot the 
two rays are in planes at right angles to each other. .V 
beam of light in which all of the transverse vibrations are 
parallel with a single ])lane is plane-polarized. Both of the 
beams emerging from the •'par are therefore plane-j)olar- 
ized, but in different planes. 

The course of the light through the rhomb ol Iceland 
spar when the incident ray is perpendicular to one of the 
faces of the crystal is shown in Fig. 242. I he ordinaiy 
ray, A, passes straight through the crystal on the line, A 
C', while the extraordinary ray is bent away from the ordi- 
nary ray, on the line, B C. 
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When the incident ray enters the side of the rhomb at 
an angle (as shown in Fig. 243), the ordinary ray follows the 
law of refraction, and the extraordinary ray is bent away 


from the •)rdinary ray, as in the other case. 

The most perfect instrument for polarizing 
light and analyzing it after its polarization is 
the Nicol prism, made from a rhomb of Iceland 
spar, and named after its inventor. In this 
ju'ism, the ordinary rav is dispose^l of, and the 
extraordinary ray alone is used. 

The prism which is shown in Fig. 244 con- 
sists of a rhomb of Iceland spar, divided 
through its axis on the line. 1) 1). with its ends 
cut off at right angles to this line. The two 
halves of the prism are cetnented together 
by Canada balsam, whose index is between that 
of the two indices of the spar, so that the 
ordinary ray, li C', meets the film of balsam 
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Nicol Prism. 


at an angle which is surticiently oblicpie to secure the 


reflection of this rav to one side, where it is lost, while 


the extraordinary ray, B C, jiasses through the balsam, and 



onward through the *)ther half of the prism perfectly polar- 
ized. 

To observe the effects of jiolarization, an analyzer is re- 
quired. Anything that will act as a polarizw will also serve 
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as an analyzer, and since the Nicol prism is unsurpassed as 
a polarizer, it will answer equally well for an analyzer. 

Perhaps the action of polarized lifjht cannot be better 
illustrated than by a representation of a livpothetical beam 
of li^ht and two tourmaline plates ( Fij;. 245^. 1 lere is shown 
the beam of lij^ht with vibrations traversin'^ the path of 
the beam in two directions. On reachinj^ the first tourma- 
line plate, tfu'se vibrations which are parallel with the axis 
of the tourmaline ervstal ( reproented b\ the parallel lines) 
are readily transmitteil, but all the vibrations in any other 
direction are extinguished. The beam now polarized 
passes on to the second tourmaline plate, and the axis of 
the ervstal being^ arranged at right .angles with the plane 
of vibration, it is extinguished : but i! the axis ol the 
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second tourmaline is p.arallel with the plane of vibration, 
the light will pass through. 

If the axes ol the tourmalines are arranged at an angle 
of 45 with each other, the light is only partly extinguished. 

These effects of the two tourmaline plates are illustrated 
by the annexed diagrams. Fig. 246 showing the crystals 
with their axes arranged parallel with each other. Fig. 247 
showing them arranged at an angle of 45 \ and Fig. 248 
shows them crossed or arranged at right angles with each 
other, exhibiting a complete extinction of the ray at the 
intersection of the crystals. 

If, now, when the polarizer and analyzer cross, a double 
refracting crystal be in.serted between them, the light pas-s^ 
ing the polarizer will be made to vibrate in a different plane, 
and will therefore prevent the complete extinction of the 
beam by the analyzer. 
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Bcvsicies those incuiis of polarizing light already described, 
there arc others which shoiihl be examined. Light is polar- 
ized by reflection at the proper angle from almost every 
object ; glass, water, wood, the floating dust of the air, 
all under certain conditions will polarize light. 

That tl'.e light Ijeam beconn^s polarized mav be readily 
ascertained bv receiving it through a double-refracting bodv 
and an analv/i r. 



Two plates of unsilvered glas.s. receiving and reflecting 
light, as indicated in Fig. 249, act respectively as jxdarizcr 
and analyzer. 

For everv substance there is an angle at which the polar- 
ization is at a maximum. For common window glass the 
angle the rav must make with the normal is 54 35 . This is 
called the {tolarizing angle. It depends upon the index of 
refraction of the glass, and is such that the reflected and 
transmitted rays are at right angles to each other. 

Balfour Stewart explains polarization by reflection as 
follows : 

“It is imagined that in the reflected ray the vibra- 
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lions are all in a direction perpendicular to the plane 
of reflection, so that the portion of the incident ray 
consisting of vibrations in the plane of reflection has not 
been reflected at all. If, therefore, we allow an ordinary 
ray of light (Fig. 249^ first to be reflected from a plate of 
glass, at the polarizing angle, anil if the reflected ray be 
again made to impinge upon another surface of glass at the 
same angle, the latter will then be the analyzer, and if its 
plane be parallel to the polarizer, as in the figure, the light 
will be again reflected in the direction indicated by the 
arrow. If the analyzer be turned round the first reflected 
rav as an axis, until its plane is at right angles to the polar- 
izer, it will be found that the light is no longer reflected. 
For the reflected ray consists entirely of vibrations perpen- 
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dicular to ti.e first plane of incidence, lint vibrations j)cr- 
pendicular to the first plane ol incidence will be in the sec- 
ond plane of incidence, which is at right angles to the first, 
and therefore they will not be reflected Irom the second sur- 
face.” 

A series of thin plates (Fig. 250), at the proper angle, 
polarizes light in a marked degree. 'I'hese j)latcs will also 
act in a similar manner when the light is transmitted through 
them, a part of the light in each of these cases being reflected 
and a part transmitted, both the reflected and transmitted 
beams being polarized, but in planes at right angles to each 
other. A single black glass plate is a good polarizer, but a 
bundle of glass plates backed with black is perhaps better. 
The arrangement of the polarizing and analyzing prisms 
with reference to the object to be examined is shown in 
Fig. 251. 

The beam of polarized light may be apparently depolar- 
ized by a body which will produce no color, but will simply 
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render the field bright when the polarizer and analyzer are 
crossed, as shown by the insertion ol a rather thick piece 
of mica between the polarizer and analyzer. 

By placing; thinner pieces of mica in the same position, 
various colors are produced. When the polarized beam en- 
counters the thin mica, it is resolved into two others at right 
angles to each otlier, the waves of one being retarded with 
reference to the other; but as long as these rays vibrate at 
right angles to each other, they cannot interfere. Th» 
analyzer reduces these vibrations to the same plane, and 
rentiers ' isible the effects of interference due to the retard- 
ation of the waves of one j>art of the beam. The thick 
plate of mica gives no color, because the different colors 
were superposed and lilended together, forming white light. 

In a slice of Iceland spar cut at right angles to the axis 
of the crystal, the ray is not divided as it is when the light 
passes in any other direction through the crystal, and if the 
slice be placed in a jiarallel beam of polarized light, no marked 
effect is produced ; but when the beam is rendered converg- 
ent, by a lens interposed between the polarizer and the crys- 
tal, beautiful interference phenomena are developed. 

When the polarizer and analyzer are crossed, a system of 
colored rings intersected bv a black cross appears. 

'riie arms of the cross are parallel with the planes of the 
polarizer and analyzer. On these lines no light can pass, 
l)ut between them the colors of the rings increase in inten- 
sitv toward the middle of the tpiadrants inclosed bv the 
arms where the interference is most marked. Turning the 
polarizer or analyzer causes complementary colors to change 
l>laces, and brings out a white cross instead of the dark one. 

SI.MPI.K KXPKRIMKNTS IN' POL.VRIZEL) LIGHT. 

It is ever a source of })leasure to the student ot science 
to be able to explore an unfamiliar realm by means ot 
commonplace and readily accessible things, which, if not 
ill ready possessed, may be had almost for the asking. 

The c is scarcely a branch of scientific research more pro- 
lific in the development of expensive apparatus than that of 
light, yet there is nothing in the domain of physics capable 
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of beinj; better illustrated 1)y apparatus of the most simple 
and inexpensive character. The subject t)f polarizetl li^i^ht, 
as intricate and difficult as it may at first a[)pear. may be 
illustrated by apparatus costing; less than a dime, in a man- 
ner that can but excite the wonder and admiration t)f one 
ic.experienced in this direction. 

A small piece ol window glass and a black-covered book 
constitute the apparatus for beginning the study of this 
interesting subject, and with a glass bottle sto[)per, a glass 
paper weight, or a piece of mica, tlu' effects of polarized 
light may at once be shown. 

Fhe book is placed horizontally near a source of light. 
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such as i) window or a lamp, so that a l)road beam of li^cht 
will fall obliquely on it, and upon the book is placed the 
object to be examined, which may be either of those named. 

Now, by viewing the reflected image of the object in 
the piece of window glass, with the glass arranged at the 
proper angle, it is probable that colors will be seen in the 
object. If no colors appear, it is due to one of three 
causes ; either the object is incapable of depolarizing the 
light polarized by reflection from the book cover, or it is 
too thick or too thin to produce interference phenomena, or 
the eye of the observer and the glass employed for the 
analyzer are nc^t in a correct position relative to the object 
and the polarizer (the book cover). 

The glass, if thoroughly annealed, will produce no effect 
on the polarized beam, but most thick pieces of glas.s, such. 
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as paper weights, ii.k stands, heavy glass bottle stoppers, 
aiul the like, are either unannealed or only i)artly annealed, 
and are thus under pernianent strain, which is readilv indi- 



cated by their action on polari/etl light. .\. plate ol tnica (.)f 
suitable thickness exhibits bright colors when examined by 
polarized light, particidarly when the plate is either lx)wed 
or inclined. 
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To render the polariseope thus described more etheient, 
a plate of s^^huss may be placed on the book, when the supe- 
rior reHecting' surtace will at once make it.self manifest in 
the increased brig-htness of the colors aiul improved defini- 
tion t)f the object. A still i^reater improvement may be 
made bv blacking’ one siele of each glass with asphaltum 
varnish oi anv other convenient black varnish or paint, 
using in the experiments the unblackened surfaces, as shown 
in Fig. 232. 

The angle which the incitlent light beam should make 
with the polarizer or horizontal blaekeneil ])lati‘ is 35 23 , 
and the polarized lieam shouhl strike flie analvzing plate at 
the same angle !u secure the maximum effects; but it is 
unnecessarv tc measure tlu‘ angles, as they may be easilv 
determined 1/V riie appearance o! tlie objei t 

With the two plates <>1 blackened glass much mav be 
learned with regaid t(t the pr<»perties ot polarized light. 
Plates of ni'ca of various thicknesses and forms, inclined at 
various angles, bowed and turned in their own planes, [lieces 
ot (|uartz. bodies ot glass sucii as tliose already mentioned, 
and (nld-shaped pieces ot unauneak’d glass, such as mav be 
picked up at glass w orks, are easilv sei ured objects. liia- 
ziliau pebble spectacle Icum-s < it ten show gorgeous colors 
when turned at diifereut angles in the beam ot polarized 
light. 

The best position lor the polarizing jilate is near a win- 
<low, with the broad light o| the clear skv shining ujion it. 

Ifv Uirning the analvzing plate on the axis ot the light 
iieam, some curious elfeets n)a\' be observed. When the 
plates are at right angles with each other, the polarized 
beam will be nearlv (pienched."’ and when thev are parallel 
with each other, the retleetion ol the skv will be i|uitc 
bright. 

The employment ot a blackened glass reflector for an 
analyzer is attended with some difficulty, on account of the 
necessity of changing the position of the eye for each new 

With hlack i^la.ss rctiuctors cd as jiolariztti and analyzer, the 

extinction of the is not ({iiite complete, i ven when they are arranj^ed 

accurately at the polarizing angle. 
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position of the analyzer. bundle of six or eij^ht plates of 
ordinary ^lass is more convenient, hut not ciuite so efficient. 
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C/lasN Stiair.cd \>\ 

riiese plates will be usetl as shown in Mi;. 255. the lig’ht 
passinj,>; throus^h them to the eve instead of beiiiii: reflected. 

Fin. 2?5 










Glass Slrainrd by Heat. 

The plates may be turned at any anij;^lc without changing 
the position of the eye. 
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The most perfect analyzer, however, is the Nicol prism. 
A very small one will answer perfectly for this class of 
experiments, and is not expensive. But to return to our 
experiments; when the analyzer and polarizer are crossed 
and the field is dark, if a few pieces of mica of various 
thicknesses and shapes arc held between the analyzer and 
the black glass plate, and bowed and inclined at different 
angles, a ureat varietv of tints will be observed, and if held 
in one position while the analyzer is turned, another effect 
will be noticed. 

Among the objects which mav be examined in this way 
are the paper weights, stoppers, and other thick, partly 
annealed pieces of glass, a piece of glass held edgewise in a 
hand vise or pair of jiliers, and put under com[)rcssion, as 
shown in Fig. 254. A piece of glass held edgewise for a 
moment in a small gas or candle Hame, and then placed in 
the polarized beam, shows the strain b}' a light hgurc, like 
that represented in Fig. 255, or it may assume other forms, 
according to circumstances. As the glass cools, the tigure 
fades awav. 

Small glass squares and triangular and diamond-shaped 
plates, about three-quarter inch acrfiss, suspended by a fine 
wire in the tlanie of a Bunsen burner or alcohol lamp until 
their corners begin to fuse, and then cooled in air, become 
permanently strained, and exhibit symmetrical figures 
formed of dark and light spaces, but show little color on 
account of their thinness. By superposing several such 
plates, color effects may be seen. 

The beautiful verre irempe, or strained glass blbcks, afew 
examples of which are represented at a, b, c, d, in Fig. 253, 
are similar in character to wiiat has just been described. 
They vary in thickness from one-fourth inch to one-half 
inch, and even thicker. They are expensive objects, but 
exceedingly beautiful and interesting. 

In Fig. 256 is shown a method of polarizing and analyz- 
ing with a single bundle of plates. It is, in principle, a Nor. 
remberg doubler. The light strikes the under surface of the 
bundle of plates at the polarizing angle, and is reflected 
downward in a polarized state, passing through the object 
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which rests upon the horizontal silvered mirror. It is then 
reflected back through the object, and passes through the 
bundle of plates to the eye of the r)bscrver ; the plates, as 
before stated, serving to analyze the polarized beam. 



Siiiipic Form of Norremberg Doubler. 

A Norremberg doubler, which answers a good purpose, 
may be made by leaning a clear plate of glass upon the edge 
of a book, over a j)iece of ordinary K)oking glass, and em- 
ploying a bundle of glass plates as an anifl\*zer, as shown in 
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Fig. 257. Here the polarization is effected by the single 
plate of glass, and the analyzation by the bundle oi plates 
held in the fingers. E(piippcd with this inst:unient, the stu- 
dent of polarized light may proceed a long way with his 
investigations. 

In this instrument the objects to be examined are laid 
upon the horizontal mirror, and the inclined plate is 
arranged with reference to the light so that it will reflect 
the broad light of the skv downward. Die ])osition of the 
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Double Polarization with Single Glass Plate. 

single plate and bundle of plates may be varied to secure 
the best effects. 

In Fig. 258 is shown an arrangement by which the object 
and the blackened glass both act simultaneously as polar- 
izer and analyzer. By placing a specimen of strained glass 
edgewise on the blackened glass, as shown in the engraving, 
the light, striking the strained glass at about the polarizing 
angle, is reflected from the back surface of the glass and 
partly polarized. The beam thus polarized is reflected 
downward obliquely, and at the same time depolarized by the 
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strained body of the glass; it is reflected upward to the eye 
and analyzed by the blackened glass mirror, thus f)roduc- 
ing an image which is apjiarently below the surface of the 
miri'or. The image seen in the strained glass itself is pro- 
duced by the reverse of what has just been described. The 
light is polarized and reflected by the black glass mirror, 
and passes through to the back surface of the .strained glass, 
which reflects it back thiough the body of the glass: tj^e 
glass then acts as both object and analyzer. 

When the polarizer, analyzer, and object are each mov- 
able, different effects will be produced by rotating any of 
thetn. As a means of exhibiting complementary colors, 
nothing can excel the polariscopc, since the colors produced 
in the successive changes resulting from turning the analyzer 
or })olarizer are neccssarilv com})lementary to each other. 

Ml(\\ OHJIXT.^ FOR THI-: POI.ARI.SCOPK. 

few simi)le objects easilv prepared from mica are here 
shown. The material is of course procurable everywhere, 
and it rcxpiires little more than a glance at the engravings 
to enable any one to j)reparc the objects. Doubtless many 
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Mica Senii-Cylincler. 


other forms than those illustrated will suggest themselve.s 
to the student. 

The simplest form is shown in Fig. 259. It consists of 
a thin plate of mica bowed into approximately semi-cylindri- 
cal form, and secured by its edges to a plate of glass by 
means of narrow strips of gummed paper. The size is im- 
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material; the glass plate may be inches wide In 3 inches 
long. This object exhibits fine bands of prismatic color 
when viewed in the polariscopc. Two such semi-cylinders, 
Avhen crossed, exhibit the intricate hgure shown in big. 260, 
Avith all the splendid colors of the spectrum. 

The object shown in Fig. 261 is formed of a disk of mica 
haA’ing a sector cut out and the radial edges overlapped, 
lorming a low core, fbe ov'rlapping edges are best tast- 


u; 





Mica Semi-C\ liudcrs C.russcd 


ened together bv small iin clips inserted in holes in the 
mica and bent downward on opjiosite sides. The clijis are 
not noticeable, and are efficient in holding the edges together. 
Cement will not answer the purpose, as it adheres to the 
surface only, and it must be remembered that mica splits 
almost indefinitely. 

The cone thus made has the appearance in the polari- 
scope of a huge circular crvstal of salicine. The colors of 
the cone may be heightened by mounting it on a sheet of 
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mica, as shown in the engraving. The cone is first placed 
in the polariscope, with the polarizer and analyzer crossed, 
and turned \intil it appears brightest, when the lower edge 
is marked. The mica sheet is then placed in the polariscope, 

Fk.. 261 





Mica ( one. 

and turned and marked in a similar wav. The cone is 
then cemented b}- its edges to the sheet, tlie marked edges 
<)t both members being arranged in the same direction. 

Pile Maltese cross sliown in Fig. 262 is revoluble. The 


Fit., 262. 



Cross. 


first step toward the preparation of tliis object is to secure a 
pin head downward on a square of glass with sealing wax 
or other cement. A small paper tube which will fit the pin 
loosely is then made, and a little head of sealing wax is 
formed around the tube near one end. A piece of mica is 
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selected which exhibits fine colors in the polariscope, and 
four equilateral triangles are cut from it, either with their 
corresponding sides cut upon the same base line, or with 
one side of each cut from one side of a square, or they may 
be cut and mounted haphazard. 

To the apex of the angle designed for attachment to the 
paper tube a small drop of sealing wax is applied, and with 
the tube on the pin the first triangle is attached by holding 
it in the required position by means of a pair of tweezers, 
and then fusing the wax on the mica end that on the tube 
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simultaneously by means of a small heated wire, such as a 
knitting kneedle. 

The other members are placed and secured in a similar 
way, care being taken to arrange the triangles symmetri- 
cally, and at a slight angle with the plane of rotation of the 
object, as shown in the engraving. 

The wheel shown in Fig. 263 and the star shown in Fig. 
264 are prepared in a similar way. The sections of the 
wheel are cut from a circular piece of mica, and cemented 
in place on the pai>er tube after the fashion of a propeller 
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wheel or wind wheel. Each ray of the star is made of two 
scalene triangles of mica of>positely arranged with respect 
to each other, and inclined in opposite directions, the longer 
and shorter sides of adjacent triangles being fastened at the 
periphery of the star by a minute drop of sealing wax. 

In Fig. 264, beside the star are shown two somewhat 
similar objects, formed of strips of mica, pivoted together 
on a small rivet, one object having the pivot in the center 
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Star, Fan, and Crossed Bars of Mica. 

of the strips, the other having it at the end, giving the 
object an appearance similar to that of a folding fan. 

Any of these objects ma}'^ be viewed by means of the 
black glass polarizer in connection with either of the forms 
of analyzer already described or in the simple form of Nor- 
remberg doubler. These objects are also very satisfactory 
when projected on the screen. 

POLARISCOPES. 

One of the simplest and best instruments for a certain 
class of investigations in polarized light is thq^Norremberg 
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doubler, named after its inventor, and shown in a very sim- 
ple form in Fig. 265. 

To one edge of a wooden base, 6 in. square and three- 
fourths of an inch thick, is secured a vertical standard, 1 in. 
square and about 1 5 in. high, and to the top of the standard 
is attached an arm extending over the center of the base, 
and apertured to receive the short tube containing the ana- 
lyzing prism or bundle of glass plates. The tube may be 
made of paper, hard wood, or metal, and it should be fitted 
with a shoulder, so that it will turn readily in the aperture 
of the arm. To the standard below the arm is fitted a stage 
formed of a thin piece i)f wood centrally apertured and 
blackened. 

The stage is notched to receive the standard, and is 
attached to a short vertical bar 1 in. wide. A clij) of wood 
extending across the back of the bar, and two small cli]>s 
secured to the sides of the short vertical bar, bear with 
sufficient friction on the standard to hold the stage in any 
desired position. 

About 6 in. above the base a grooved wfxulen str.ij) is 
pivoted to the standard, by means of a common wood- 
screw passing looselv through the grooved strip and 
tightly through the standard. .A wooden knob is turned 
on the end of the screw, and serves as a nut to bind the 
grooved strij) in any desired positimi. The strip, screw, 
and knob are shown in detail at 2, Fig. 265. 

Into the groove ol the stri(> is we<lged or cemented a 
plate of glass, 4 by 9 in. .A fine piece of ordinary window 
glass will answer, but plate glass is preferable. 

Upon the base is laid a square ol ordinary looking glass, 
or, better, a piece ol plate mirror. 

The tube, shown in detail partly in section at 3, is pro- 
vided with an inner tube of pasteboard or wood, divided 
obliquely at an angle of 35 ' 25' with the axis of the tube, 
and upon the oblique end of one-half of the tube are placed 
twelve or fifteen well cleaned elliptical microscope cover 
glasses, which are held in place by the other half of the 
divided tube. This bundle of glass plates, if of good qual- 
ity and well cleaned, forms a very good analyzer; but 
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instead of this, if it can lie afforded, a small Nicol prism 
shoidd be secured and nujunted in a centrally apertured 
cork, the latter beim^ inserted in the analyzer tube, as shown 
at 4. 

The object to be examined may be laid either on the stage 
or on the mirror below. If v'iewed on the stage, the usual 
effects will be observed ; but if laid on the mirror, it is 
traversed twice by the light, once bv the incident beam and 
once bv the reflected beam. 'I'liis is particularly noticeable 
in thin films of mica and selenite, and it serves as an excel- 
lent means for selecting eighth and cjuarter wave ])lates, 
which are useful m the study of circular and ellipt’xal 
polarization.* 

It is ([uite difficult to jiroduce a pcrfcctlv uniform thin 
film of selenite, owing to the brittleness of the material. 
For this reason mica is generallv used, as it jiosscsses consid- 
erable flexibilitv and toughness. The common method of 
cleaving off thin films of mica is to sjilit off a model ately 
thin plate and then .separate the lamiiux at one of the cor- 
ners by bending it between the thumb and fingers. 
medium sized .sewing needle .secured point outward in a 
slender handle is probably the best in.strument for teasing 
the laminm a[)art ; but alter the separation begins, the thin 
end of the ivory handle of an ink eraser seems to serve the 
purpose exceedingly well. 

A score or so of plates are s])lit. and examined one by 
one in the Norremberg tloubler, bv laving them on the 
mirror and turning them in their own planes, while the 
polarizer anti analyzer are emssed. Should the plates 
exhibit any unevenness uiuler f hete.st, they should be at once 
rejected. Such as exhibit an even tint .should be jireserved 
carefully, and examined further to determine wiiich. if anv. 

* riK* Nvrkci init'iiJs id deal sparingly with the theoretical part of this sub- 
ject, especially the poiliou lelatiiig to circular and elliptical polarization, it 
having been tieated extensively in many physical works and in books espe- 
cially devoted to light and optics. Daniel’s Physics, ’ prominent among 
works of its class, “ Idght," by Lewis Wright, and '' Polarization of Light/* 
by William Spottiswoodc, are excellent books, bearing directly on the subject. 
The writer knows of no better means of securing a good knowledge of polar- 
ized light than by reading these three books. 
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possess the requii'ecl qualities. Not every piece t>f mica 
will split evcnlv, therefore it may be necessary to make sev- 
eral trials before success is attained. 

Should the him, when placed on the stai>e, exhibit a dull 

Fit;. 265. 



Sirnplt* Norremberij r)f)ublt:i. 

plum color, slightly inclined toward red, when the polarizer 
and analyzer are parallel, it produces a difference of phase 
of half a wave lenj^th, and is called a half wave film. As 
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ji matter of course, if t\v«) iilnis of like thickness, super- 
posed and arraiifj^^ed with tlicir axes in the same direction, 
produce the same color under the same circumstances, they 
are one-fourth wave films; and if a pair of films exhibit the 
same color when similarly arranj^ed on the mirror of the 
doubler, they may be rei^arded as eis^hth wave films, as the 
polarized beam passes twice throus^li the film to produce the 
same tint. These films should be carefullv mounted between 
^lass plates, either dry or in benzole balsam, the latter being^ 
preferable. 

The practical application of the eig^hth and quarter wave 
films will be treated further on. Beautiful and instructive 
designs made from thin films are described and illustrated 
in VV’ right's “ Light,’’ to which reference has been made. 

The only simple device for exhibiting the rings and 
brushes of wide-angled crystals is the tourmaline tongs 
(Fig. 274), of the kiiul commonly employed by opticians for 
testing spectacle Icn.ses ; but the dark color of ordinary 
tourmaline renders a polariscope of this kind objectionable. 

A system of lenses devised by Norremberg, and im- 
proved bv Hoffman, is at present employed for observing 
the phenomena of wide-angled crystals: but it is a matter 
of .some difficult V to secure exactly such lenses as are 
required for the apparatus as constructed by Hoffman. 
Verv good icsults. however, may be obtained by the em- 
plovment of lenses designed for other purp()5cs. Reference 
is made to the hemispherical condensing len.ses used by 
microscoj)ists, and ordinary meniscus (peri.scopic) spectacle 
lenses. Six lenses in all are rctpiired. The converging and 
collecting svstems are exactlv alike, but thev are oppositelv 
arranged with resi>ect to each oth.er. In the present case 
the two svstems are ad i[)ted to a Xorremberg doubler. Fig. 
266, substantially like that described in a former part of this 
article, the main diflerence being that the instrument now 
illustrated is made principally of metal. 

The tube of the u|:per system of lenses is prolonged 
upward beyond the upper lens. Fig. 267, to receive a Nicol 
prism, E, or other analyzer, which is mounted in a short 
inner tube arranged to revvdve in the outer tube. 
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The lower system of lenses is con- 
tained by a tube fitted to the stage of 
the doubler. The arrangement of the 
lenses and analyzer is shown in Fig. 
267. The two systems of lenses being 
alike; a description of one will answer 
for both. The object, A, to be ob- 
served is held between the adjacent 
ends of the two tubes in the universal 
holder shown in Fig. 266. 

The lens, B, next the object is 
nearly a hemisphere, about eleven- 
sixteenths inch in diameter and 
three-eighths inch focus. The second 
lens, C, a meniscus (periscopic) spec- 
tacle lens of 3 inch focus, is arranged 
with the concave face one-sixteenth 
inch from the convex side of the 
hemisphere. Beyond the 3 inch 
meniscus, 3^ inches distant, is placed 
a biconvex spectacle leos, D. of 4 
in(?h focus. The inner surfaces of 
the tubes are made dead black by 
the application of a varnish formed 
of lampblack and alcohol, in which 
only a trace of shellac has been 
dissolved. 

The tubes may have any suitable 
diameter, and the pro 'ortions of the 
doubler may be about the same as 
indicated by Fig. 266. which is one- 
quarter actual size. The tubes and 
Ifcnses shown in Fig. 267 are one-half 
size. The exact proportions, except 
as to the focal lengths and distances 
apart of the lenses, are immaterial. 
The lower system of lenses must 
produce a very convergent beam of 
light, while the upper system is 


Fig. 267. 



Longitudinal Section of 
Tubes of Polariscope. 
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arranged to collect the rajs after they pass through the 
crystal, and bring them within the range of vision. 

The angle between the optic axes in some crystals is so 
small as to permit of seeing them readily. Niter and car- 
bonate ol lead are examples of such crystals ; but there arc 
other crystals whose angle is so great as to render it exceed- 
ingly difficult to exhibit them, and in some cr)'.stals the 
angle is so wide as to render it impossible tc^ see both axes 
at once. The only method of exhibiting them is by tilting 
the crystal first in one direction and then in the other, and 
viewing them separately. 

Figs. 268 to 273, inclusive, represent the figures shown 
by several crystals in the instrument illustrated. The draw- 
ings, having been made directly fi'om the objects by the aid 
of the instrument, are correct in form and proportion, but 
the beautiful coloring is necessarily absent. 

Fig. 268 shows the rings and brushes exhibited by cal- 
cite in a convergent beam of polarized light, vdth the polar- 
izer and analyzer crossed. With the polarizer and analyzer 
parallel, the dark cross is replaced by a white one. 

Niter is shown in Fig. 269 as it appears when the ana- 
lyzer is crossed. With the analyzer parallel with the polar- 
izing plate, t’- 2 dark brushes are replaced by light ones. 
Turning tl<'. crystal in its own plane produces different 
effects. 

In Fig. 270 is shown a figure oroduced by a .slice of 
quartz cut at right angles to the axis of the crystal, and 
examined in the instrument with the analyzer arranged at an 
angle of 45'" with the polarizer. Crystals of quartz vary in 
their effects on the polarized beam, some requiring the turn- 
ing of the analyzer to the right and others to the left to pro- 
duce like results. For this reason the plates are called 
right or left handed, according to the direction in which the 
analyzer is required to be turned. 

By superposing a right hand quartz on a left hand 
quartz, the beautiful spirals discovered by Airy, and named 
after their disccjverer, may be exhibited. These spirals are 
shown in Fig. 271. 

In Fig. 272 is shown the figure produced by the inter- 
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position of a quarter wave mica film between the polarizer 
and a plate of quartz viewed in the instrument. This 
altered appearance is due to circular polarization, a phe- 
nomenon treated extensively in the literature of the subject,, 
but requiring an explanation too elaborate for the space at 
command. 

Calcite polarized circularly shows singularly broken up 
and disjointed rings, the brush-like cross being absent, and 

w hen analyzed circularly, or 
viewed through a quarter wave 
plate, as well as through the 
analyzer, the rings appear per- 
fect, and there are no transverse 
markings. 

Fig. 273 shows the intricate 
figure produced by aragonite 
hemitrope, or a pair of crystals 
arranged at right angles with 
each other. Somewhat similar 
figures arc produced by crossed 
plates of mica. 

I' he following is a list of some 
additional objects which may be 
viewed in the instrument : 

Sulphate of nickel, sugar, ara- 
gonite, bichromate of potash, 
chrysoberyl, chrysolite, topaz, 
aiihydritc. Instead of employ- 
ing the Norremberg doubler for polarization, the lower tube 
may be prolonged, and a large Nicol prism inserted and 
arranged like the analyzer. 

In Fig. 274 is shown the tourmaline tongs, the simplest 
polariscope known. It consists of two plates of tourmaline, 
cut parallel to the optic axis of the crystal, and mounted in 
cells arranged to turn in eyes f(.)rmed at the extremities ol 
the looped wire. When the plates are parallel, light passes 
through them ; but when they are arranged at right angles 
with each other, the light is completely extinguished. If a 
plate of quartz crystal, a Brazilian pebble spectacle lens for 


Fig. 274. 
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example, be placed betWecn the tourmalines arranged in this 
way, the light will again pass, showing that it has been 
depolarized by the n^ck crystal. 

This has been accc])t.ed as an infallible test of the genu- 
ineness of quartz lenses. In the hands of an expert it is 
undoubtedly valuable, but glass lenses may be put under 
strain by heating them and allowing them to cool rather 
quickly. They will then, to some degree, act on the polar- 
ized beam like the true crystal. 

rhis form of polariscope is useful in the examination of 
crystals generally, but on account of the natural dark color 
of the tourmaline, the utility of the instrument is limited. 

In Fig. 275 is shown a polariscope designed for the 
examinati >n of large objects, such as glassware, etc. It 
consists of a bundle of 16 glass plates, about 20 or 24 inches 
square, arranged with reference to the Nicol prism employed 
as an analyzer at an angle of 35 25'. Behind the series of 
plates is hinged a board cc^vered with black velvet, which 
may be raised iq.» parallel with the glass plates when it is 
desired to polarize the beam by reflection. 

The analyzer, a Nicol prism, is mounted in a revoluble 
tube, supported by the small adjustable standard. Articles 
to be examined are placed on the small table between the 
polarizer and analyzer. 

The light for the polariscope should be taken through 
either a white paj)er or cloth screen or a plate of ground 
glass. Any strain in the article examined will exhibit itself 
by its depolarizing effect on the polarized beam. 

SIMPI.E POLARISCOPE FOR MICROSCOPIC OBJECTS. 

The examination of microscopic crystals by the aid of 
the polarisccjpc is an exceedingly interesting part of the study 
of polarized light. The indescribable play of colors, and 
the variety of exquisite forms of the smaller crystals, render 
this branch of the subject .very fascinating. But to under- 
take the examination of this class of c)bjects in the usual 
way requires a microscope wdth the addition of a polari- 
scope, which calls for an outlay of at least fifty dollars, 
besides the cost of the objects, and while it is believed that 
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such an outlay would be indirectly, if not directly, profit- 
able, it is not necessary to expend a fiftieth of that amount 
to arrive at very satisfactory results. 

The cost of the compact and efficient little instrument 
shown in Fit^'. 276 is as follows: 

One pocket maf^nifier, having two lenses inches and 2 

Fio 270. 
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Polariscope for Micioscopic Object'^. 

inches focus respectively, giving when combined a f inch 
focus, 50 cents; eighteen elliptical microscope cover glasses 
for analyzer, 38 cents. The cost of wood for the principal 
parts, the pasteboard tubes, the glass for the polarizer, and 
the metal strips for the slide-holding spring.s, can hardly be 
counted, and the labor must be charged to the account of 
recreation ; so that less than one dollar pavs for an instru- 
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ment that will enable its owner to examine almost the entire 
range of microscopic polariscope objects with a degree of 
satisfaction little less than that afforded by the use of the 
best instruments. 

The form, proportions, and material of the body of the 
instrument are entirely matters of individual taste. In the 


Fi<;. 277. 



Lon);>itudin^l Section of Polariscope and Details. Half Size. 

A, Longitudinal Section, li, Magnifier and Clamp. C, Cross Section showing Clamp 

and Magnifier. 

present case, the hand piece and sliding stage are made of 
i in. mahogany, the handle being formed on the hand 
piece by turning. The stage is 2 in. square, and has in its 
lower edge a half inch square, transverse groove, which 
receives the square rod projecting from the hand piece at 
right angles. The rod is held in the groove by a wooden 
strip fastened to the lower edge of the stage by two wood 
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screws, so that it bears with a light frictioa on the underside 
of the rod. 

The hand piece and stage are both pierced above the rod 
with holes which are axially in line with each other. The 
diameter of the holes is governed by the size of the cover 
glasses. Those in the instrument shown are of the exact 
size and form of the annexed diagram (Fig. 278). 

These cover glasses are procurable from any dealer in 
supplies for microsco{)ists. Eighteen of them, at least, are 
required. The paper tube inclosing these glasses is a little 
more than J in. internal diameter; its outside diameter 
is I in. and its length is if in. A narrow paper collar is 
glued around one end of the tube, and both the hand piece 
and the stage are counterbored to receive the collar, as 
shown in the sectional view. A, Fig. 277. To the tube thus 
described is fitted an internal paper tube, 
which is about ‘h in. shorter than the 
outer tube. The inner tube is divided 
diagonally at an angle of 35 25', which is 
the complement ol the [tolarizing angle 
for glass (54' 35 ). The oliliquc surfiaces 
thus formed, when placed in the tube in Cover Glass 

•opposition to each other, support them between the glass 
plates at the polarizing angle. The simplest way to arrange 
the angles of the tubes and other parts of the polariscope 
is by the emplovment of a triangle of cardboard like that 
illustrated in Fig. 279. In fact, a copy of the triangle here 
shown may be used. 

It is sometimes a matter ot considerable difficulty to 
clean the thin cover glasses without the risk of breaking 
a large percentage of them. An effective device for hold- 
ing the glasses while they are being cleaned is shown in 
Fig. 280. It consists of a piece of thin Bristol-board, hav- 
ing an elliptical aperture loosely fitting the edges of the 
glass to be cleaned, and a plain card glued to the back of 
the apertured card, and forming the bottom of the shallow 
recess into which the glasses are dropped for cleaning. The 
holder may be pressed down upon the table by the fingers 
of one hand, while the glass is rubbed with a soft linen 


Fig 278. 




266 


EXPERIMENTAL SCIENCE. 


handkerchief, after being breathed on. Glasses that cannot 
be easily and tht)roughl3' cleaned in this way arc worthless 
for this purpose. 

Before the glass plates arc put together, they are dusted 
with a camel's hair brush to remove any adhering lint and 
dust. The paper tubes are made dcatl black inside and 
outside. 

The front <jf the stage is provided with a pair of thin 
brass springs, which serve to claiu]) the object slide with a 
light pressure to the stage. In the back of the stage, below 
the central aperture, is formed a groove for receiving the 



Trianf^le and Paper Tube. Full Size. 


black glass polarizing plate. The grot)ve supports the black 
glass at an angle of 54 35' with the plane of the stage, or at 
an angle of 35 25' with the holes in the stage and hand 
piece. The polarizing ])late may consist of a plate of 
p(jlished black glass, but it is gcnei illy more convenient to 
employ an ordinary jiicce of glass blackened on one side. 
A thin pine wedge cemented to the back of the plate causes 
it to bind in the groov^c of the stage. 

To the inner face of the hand jiiece is clamped an ordi- 
nary pocket magnifier by means of the wooden clip. At 
C is shown the arrangement of the magnifier relative to the 
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analyzer. Any convex lens of suitable focus may be pressed 
into the service. The face of the stage and other parts of 
the instrument visible through the analyzer are blackened. 

The object to be viewed is placed on the stage and 
focused, when the instrument is held so that the black glass 
polarizing plate reflects the light through the object and 
through the analyzer. The analyzer is then turned, and the 
object observed. To heighten the color effects, a plate of 
selenite or mica may be placed immediately behind the 

Fk;. 280 



Holder for Glass. 

object, or between the stage and black glass plate. Mica 
plates of suitable thickness are selected by trial in the instru- 
ment, and preserved for future use. 

• It is sometimes desirable to rotate the polarizer. When 
the black glass plate is used, this is impracticable, but on 
removing this plate, and inserting i;i the stage a polarizer 
consisting of a tube containing plates like the analyzer, the 
effects of rotating the polarizer may be observed. 1 o ren- 
der the rotation of the paper tubes smooth and uniform, 
their bearings in the hand piece and stage are rubbed over 
with the point of a soft lead pencil, imparting to them a thin 
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coating of plumbago, which diminishes friction and pre- 
vents sticking. The objects which may be examined by the 
aid of this instrument are very numerous. Many of them 
are easily prepared, and some need no preparation at all. 
The chemical salts mentioned below may be prepared for 
observation b}’ allowing their solutions to evaporate on a 
slip of glass: Alum, bichromate of potash, bichloride of 
mercury, boracic acid, carbonate of potash, carbonate of 
soda, citric acid, chlorate of potash, hyposulphite of soda, 
iodide of potassium, nitrate of ammonia, nitrate of copper, 
nitrate of soda, oxalic acid, prussiate of potash (red), prus- 
siate of potash (^yellow), sugar, sulphate of copper, sulphate 
of iron, sulphate of nickel, sulphate of potash, sulphate of 
soda, sulphate of zinc, tartaric acid. 

Slips of glass, 1x3 inches, are convenient for this pur- 
pose. A circle about f inch diameter is formed on each 
slip with a piece of paraffin or wax, and while the slips are 
supported in a level position, a few drops of a rather strong 
solution are placed in each circle, and the slips are allowed 
to remain quietly* until the crystals form. 

For methods of covering and preserving these crystals, 
as well as for hints on the preparation of the more difficult 
crystals, the reader is referred to the chapter on microscopy. 

The following vegetable and animai substances may be 
examined by polarized light : 

Cuticles, hairs, scales from leaves, fibers of cotton and 
flax, starch grains, thin longitudinal sections of wood, oiled ; 
spicules of sponges and gorgonia, cuttlefish bone, hairs, 
quills, horn, finger nail, and skin. These objects should be 
thin and translucent or transparent. It is necessary in some 
cases to increase their transparency by soaking them in oil 
or some other suitable liquid. Many rock sections and sec- 
tions of minerals may be studied advantageously by the 
aid of polarized light, but since the object sare quite diffi- 
cult to prepare, no list of them is given. 

PRACTICAL ALi’LICATlONS OF THK POLARISCOPE. 

The practical applications of the polariscope are few but 
important. In chemistry, its most prominent use is in the 
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determination of sugars. In medicine, it finds an applica- 
tion in the examination of diabetic urine. In geology and 
mineralogy, it is of utility in determining the origin and 
nature of rocks and minerals. In photometry, it forms the 
basis of several photometers. p,,, jgj 


In photography, the pcjlari- 
scope, or at least a part of 
it — the Nicol prism — has been 
employed for reducing the 
glare of highly illuminated 
objects. In a similar way, 
the Nicol prism has been 
used for extending the field 
of vision in a fog. It forms 
an important part of the 
water telescope. It has also 
been used to some advantage 
in viewing paintings unfavor- 
ably situated in galleries. In 
the trades the polariscopc 
has proved useful in detect- 
ing strains in glass. By opti- 
cians, it has for years been 
recognized as a test for the 
genuineness of Brazilian peb- 
ble lenses for spectacles. It 
has also proved of great uti- 
lity to the microscopist in the 
examination of minute struc- 
tures. 

The polariscojje has I'c- 
cently been applied in France 
to determining the tempera- 
ture of incandescent iron and 



Wheutstone’s Polar Clock. 


other metals. The color of a glowing mass of metal varies 
according to its temperature, and a ray of the light when 
polarized is rotated by a plate of quartz to a degree depen- 
dent upon the color. The degree of rotation is measured 


by the polariscope, and an empirical scale of temperature 
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is thus obtained, which has been found very useful and 
reliable in metallurgical operations. 

One of the most curious uses of j)olurized light is the 
indication of the time »)f day. Sir Charles Wheatstone 
devised a polar clock in which a Nicol prism in con- 
nection with atmospheric polarization is made to indicate 
the time of day. Several forms ot this instru ..ent have 
been made; one of them is shown in Figs. 281 and 282.^^' 
Atmospheric polarization, according to Professor Tjmdall, 
is due to the reflection of light from the tine particles of 
matter floating in the air. Bv examining the sky on a clear 
-dav by means of a Nicol prism and a ])latc of selenite or 


Fill. 2S2. 



Lonj^itudinal Section of Pt)l:ir Clock. 


other crystal, polarization will he detected witn<>'u difliculty. 
The brightest effects are noticed at a point 90 froni the sun. 
By directing a Nicol prism to the north pole of the heavens 
— a positif)n always at right angles to the sun, or aporoxi- 
matelv so — and turning it round, the colors of the crystal 
plate, viewed through the prism, will change in a definite 
order, or, if the position of the Nicol be fixed, the move- 
ment of the sun will prf)duce similar changes of color. The 
polar clock is based u[)on this principle. 

The inventor dcscribc.s this instrument as follows: “At 
the extremity of a venical pillar is fixed, within a brass ring, 
a glass disk, so inclined that its plane is perpendicular to the. 


* Other formi> arc described in Spottiswoodc's “ Polarization of Light.’* 
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polar axis of the earth. On the lower half of this disk is a 
graduated semicircle, divided into twelve parts (each of 
which is again subdivided into five or ten parts), and against 
the divisions the hours of the day are marked, commencing 
and terminating with VI. Within the fixed brass ring Cftn- 
laining the glass dial plate, the broad end of the conical 
tube is so fitted that it freely moves round its own axis ; this 
broad end is closed by amjther glass disk, in the center o^ 
which is a small star or other figure, formed of thin films of 
selenite, exhibiting, when examined with polarized light, 
strongly contrasted colors ; and a hand is jjaintecl in such a 
position as to be a prolongation of one of the principal sec 
tions of the crystalline films. At the smaller end of the 
conical tube a Nicol prism is fixed so that either of its 
diagonals shall be 45" from the principal section of the 
selenite films. 

The instrument being so fixed that the axis of the 
conical tube shall coincide with the polar axis of the earth, 
and the eye of the observer being placed to the Nicol 
prism, it will be remarked that the selenite star will in 
general be richly colored : but as the tube is turned on its 
axis the colors will vary in intensity, and in two positions 
will entirely disappear. In one of these positions, a smaller 
circular disk in the center of the star will be a certain ct)ior 
(red for instance), while in the other position it will exhibit 
the complementary color. 

This effect is obtained by placing the principal section 
of the small central disk 22 ^ from that of the other films 
of selenite which form the star. The rule to ascertain the 
time by this instrument is as follows ; The tube must 
be turned round by tlie hand of the observer until the 
colored star entirely disappears, while the disk in the center 
remains red; the hand will then point accurately to the 
hour. 

“ The accuracy with which the solar time may be indi- 
cated by this means will depend on the exactness with 
which the plane of polarization can be determined. One 
degree of change in the plane corresponds with four min- 
utes of solcu* time." 
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SUGGESTIONS IN DECORATIVE ART. 

Occasionally, evidences of the use of the microscope in 
decorative art are seen, and every microscopist knows that 

Fig. 283. 
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Salicine Crystals. 

there are thousands of beautiful forms lost to unaided 
human vision which arc revealed only to the user of the 

Fig. 284. 



Sulphate of Cadmium. 
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microscope.* These minute forms are always exquisite in 
their construction and finish, often symmetrical and graceful 

Fig. 285. 



Santcnine, 


in form, and quite as often finely colored. All this is true of 
microscopic objects in general, but it is especially true of 

P'k; 2S6. 



Lithic Acid. 

* See also chapter on microscopy. 
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polariscopic microscope objects. Some of these are, to a 
certain extent, artificial. The crystals, for example, are the 
result of manipulation, but the laws of crystallization are 
natural, so that, after all, we are indebted to nature even for 
these objects. 

In the present instance, a few striking examples of crys- 
tallization have been selected as the basis of some sugges- 
tions in decorative art. These cr^’stals, as exhibited by pol- 
arized light in the microscope, are shown in the annexed 
engravings, necessarily divested of their principal charm — 


Fig. 287. 



Border Dado or Frieze. 


that of color. The forms only are shown. The reader can 
imagine these figures invested with most gorgeous colors 
combined in a perfectly harmonious way. In respect to color, 
the polariscope never errs. Whatever colors are presented 
are correctly related to each other. This feature alone is 
of great value to the designer and colorist. I'he circular 
crystals of salicine, shown in Fig. 283, arc always interest- 
ing. The play of the radial bands of color as the polarizer 
or analyzer is revolved gives each disk the appearance of 
having an actual rotation of its own. 
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In Fig. 284 are shown the delicate, feathery crystals of 
sulphate of cadmium, in which the coloring, as exhibited by 
polarized light, is scarcely moie beautiful than the exquisite 
forms. The shajies of the different crystals vary somewhat, 
but there is a characteristic feature pervading them all. 

In Fig. 285 are shown crystals of santonine in a variety 


Fig. 283. 



Panel with Ornamentation of Crystals. 


of forms — some like spears of grass, others resembling 
heads of grain, and still others like ferns and various leaves, 
while the larger crystals or aggregation of crvstals has a 
radial arrangement. 

In Fig. 286 arc shown crystals of lithic acid, which 
adjoin each otiier, and form a solid field, having strongly 
contrasting bands of light and dark color. 
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Fig. 387 will be recognized as a part of a dado, frieze, or 
border, formed of lithic acitl as a ground, crystals of jilatino- 
cyanide of barium as the division of the panels, and crystals 
of sulphate of cadmium as rosettes upon the centers of the 
panels. 

Fig. 288 shows a panel formed in part of the same crys- 

Fig. 2S(). 



A Composite Border. 

tals, with a crystal of salicinc planted at the intersection of 
two of the slender platinb-cyanide of barium crystals, and 
small crystals of kinate of quinia forming flowers. 

In Fig. 289 is shown a border formed of crystals of san- 
tonine, arranged fin a ground of neutral tint, with a row of 
circular crystals of sulphate of copper and magnesia above 
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a row of crystals of kinatc of Cjuinia, arranj^ed on a dark 
ground. 

Fif?. 290 shows a pattern having a background of stearic 


Fig, 2go. 



Pattern with Background of Stearic Acid and Crystal Leaves, 

Stalks, and Floweis. 

acid, brandies of jilatino-cyanide of barium, leaves of platino- 
cyanide of magnesium, and flowers ol salicine. 

What has been shown in the engravings constitutes only 
a hint of what may be done in this direction. The number 
of beautiful crystals and other polariscopc objects available 
for this purpose is very large. 
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CHAPTER XI [I. 

MICROSCOPY. 

The world of the minute existing beyond the range of the 
unaided vision is little realized by those who take no inter- 
est in microscopy. The beautv and perfection of the smaller 
works of nature can never be fully known through the 
medium of literature or art ; the objects themselves must be 
observed by the student personally. 

In every pond and stream may be found microscopic 
forms of life. In every plant and Hower, upon leaves and 
stalks, among the sands and rocks, almost everywhere in all 
seasons, may be found objects of absorbing interest t(j the 
student of microscopy. -Animals and insects, food and man- 
ufactured articles, yield objects which may be examined 
microscopically with pleasure and profit. Chemistry and 
mineralogy afford attractive fields, and the physicist finds 
the microscope a necessity in his investigations. In fact, one 
so inclined cannot fail of finding interesting and instructive 
objects with little difficulty. 

Microscopical investigations may be carried on by the 
aid of an ordinary inexpensive microscope, but this, in the 
natural c<iursc of things, will give place to a more perfect 
instrument and a complete list of accessories, provided the 
student becomes interested in the subject. A fine instru- 
ment is desirable on account of its wider range of usefulness,, 
its superior optical powers, and the facility with which it 
may be adapted to different classes of objects. It has the 
further important advantage of being less fatiguing to the 
eyes. 

The simplest and cheapest of all microscopes is repre- 
sented in Fig. 291. It consists of a thin piece of glass,, 
having attached to it one or two short paper tubes, which 
are coated with black scaling wax, and cemented to the 
glass with the same material. 
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By aid of the small stick water is placed, drop by drop, 
in the cells until the lenses acquire the desired convexity. 
Objects held below the glass will be more or less magnified, 
according to the diameter and convexity of the drop. 

A conven ient stand for the water lens is shown in Fig. 
292. The detail views are vertical sections of the lenses, 
showing the screw for adjusting the convexity of the drop. 

The stand is made of w'ood. The sleeve that support^ 
the stage slides freely upon the vertical standard. A wire 
having a milled head passes through the upper end of the 
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standard, and has wound upon it a strong silk thread, one 
end of which is tied to a pin projecting from the stage-sup- 
porting sleeve. An elastic rubber band is attached to the 
lower end of the sleeve, and to a pin projecting from the 
standard near the base, to draw the table downward. The 
stage is raised or lowered by turning the milled head. 

Two standards project from the bed piece for receiving 
the corners of a rectangular piece of silvered glass which 
forms the reflector. 

The water cell consists of a brass tube about f inch 
long and j-a to inch internal diameter, having in one side 
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a screw for displacing the water to render the lens more or 
less convex. A thin piece of glass is cemented to the lower 
end of the tube, and the inside of the tube is blackened. 

Several bushings may be fitted to the upper end of the 
tube to reduce the diameter of the drop, and thus increase 
the magnifying power of tlie lens. 

Water containing animalcules or a solution of a salt for 
crystallization may be placed on the under surface of the 



Watf‘r Lens Microscope Complete. 


glass, when the lens may be focused by turning the adjust- 
ing screw. The leas may be adjusted to magnify objects 
placed on the movable stage by rendering it less convex, 
thus increasing its focal length. 

Air bubbles forming on the upper surface of the glass 
may be readily displaced by means of a cambric needle. 

The water lens microscope or any lens or combination of 
lenses through which an erect virtual image is seen, magni- 
fied, is known as a simple microscope, while a compound 
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microscope is an instrument in which a lens, or system of 
lenses, known as an objective, forms a real and greatly 
enlarged image of the object, and in which this image is 
itself magnified by a second lens or system of lenses, known 
as the eyepiece or ocular. 


Fig. 293. 



Compound Microscope. 


An inexpensive compound microscope is shown in 
Fig. 293. This instrument, when closed, is 8 inches high, 
and has a draw tube which permits of extending it to 
a height of ii inches. The foot and arm are of japanned 
iron. The tubes are well finished and lacquered. It has an 
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achromatic objective divisible into two powers. The mir- 
ror may be swung over the stage for the illumination of 
opaque objects. 

Fic. 294. 





Diaplirai^m and Fine Adjustment. 

To the instrument as received from the manufacturer is 
applied a home-made diaphragm, as shown at A, in Fig. 
294, and a fine adjustment, as shown at B C, in the same fig- 
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Substitute for Revolving Table. 


ure. The diaphragm consists of a piece of perforated thin 
sheet metal, extending along the under surface tjf the stage, 
and neatly bent over the outer edge of the stage, so as to be 
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self-supporting — the perforations of the metal being respect- 
ively one-sixteenth, one-eighth, three-sixteenths, one-fourth,, 
and five-sixteenths inch diameter, all arranged on a longitud- 
inal line of the metal plate intersecting the axial line of the 
microscope tube, so that the centers of the holes of the dia- 
phragm may be made to coincide with the center of the hole 
in the stage. 

The attachment for fine adjustment is made by bend- 
ing one end of a thin metal plate twice at right angles, so 
that it will spring on the edge of the stage and clamp the 
stage tightly. The opposite end of the metal plate is bent 
in a similar manner, but the space between the body of the 
plate and the bent-over end is made wider, to permit of a 
small amount of movement of this end of the plate. In the 
portion of this end of the plate extending under the stage is 
inserted a fine screw with a milled head, by means of 
which the free end of the plate may be made to move either 
up or down through a small distance. The body of the 
plate is inserted under the stage clips, and the object slide 
is inserted between the clips and the movable plate. 

The instrument has no rack adjustment, but the main 
tube slides easily and smoothly in the guide tube, so that 
little or no difficulty is experienced in focusing. Besides 
the instrument and accessories, only the following articles 
will be required to begin in earnest the study of micro- 
scopic objects : A small pair of spring forceps, a bottle for 
objects, a few concaved glass slides, a few thin cover glasses, 
a glass drop tube, a small kerosene lamp : and if the investi- 
gator de.sires to entertain his friends with the microscope, 
he will need a Japanese or tin tray, large enough to con- 
tain both microscope and lamp, as shown in Fig. 295, so that 
the relation of both may be preserved while the tray is 
moved to bring the instrument into position for different 
observers, by simply sliding the tray on the table. 

A little caution as to illumination is necessary, as the 
beginner is generally unsparing of his e} es, using far too 
much light A blue glass screen placed between the mirror 
and source of light, or between the mirror and the stage,, 
modifies the light so as to greatly relieve the eyes. 
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The lamp should be provided with a shade of some sort 
to prevent the light from passing directly from the lamp to 
the eyes. A small Japanese fan suspended from the chim- 


Fig. 296. 



ney by a wire, as shown, forms a very desirable shade. 
Most objects viewed by transmitted light in an instru- 
ment of this class require an absolutel}'^ central light, that is, 

* l-iausch & Lrtinl> Optical Co.’s “ IJnivcr.sal.” 
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the light must be reflected straight upward through the 
object and through the tube. 

When opacpic objects are examined, the mirror is raised 
above the stage and made to concentrate the light (jn the 
object. Different angles (jf illumination should be tried, as 
some objects are greatly relieved by their shadows, while 


Fig. 



Li^?ht Modifier. Iris Diaphragrm. 


others require illumination as nearly vertical as possible. 
Experience will soon indicate the right, magnification for 
different objects. This may be varied by taking off or put- 
ting on the lower half of the objective, also by drawing out 
or pushing in the draw tube. 

For truly scientific microscopical work a better instru- 
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Sub Stage Condenser. 


ment than that already described will be needed. The 
microscope shown in Fig. 296 is perfectly adapted for gen- 
eral use. The main tube has two draw tubes by which any 
desired tube length may be secured. The coarse adjust- 
ment is effected by means of a rack and pinion ; and a 
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micrometer screw is used for the fine adjustment. The stage, 
which is rcv’^oluble, is made thin to allow of the greatest 
obliquit}’ of illumination. The arms which support the 
sub-stage and the mirror turn upon the same axis, and are 
capable of being moved independently. The mirror ma}^ 
be swung above the stage for the illumination of opaque 
objects. 

The sub-stage is adapted to receive any of the acces- 
sories, such as the light modifier shown in Fig. 297, the con- 
denser represented in Fig. 298, and other desirable and 
indispensable appliances. A stand of this character is per- 
fectly adapted to objectives of the highest class. All adjust- 
ments required to secure any angle ot illumination, any 
position of the object, or any degree of fineness of focal- 
izing, can be made quickly and with precision. The pos- 
sessor of a microscope of this quality will always feel a 
degree of satisfaction which the poorer instrument can 
never give. 

A larger, more complete, and at the same time much 
more expensive microscope is shown in Fig. 304, in connec- 
tion with light-intermitting apparatus. This micn^scope has, 
in addition to the features already described, complete 
mechanism for centering the stages, a rack and pinion for 
the sub-stage adjustment, a graduated circle on the stage, a 
graduated head on the micrometer screw, graduations upon 
the pillars for the angle of inclination of the tube, and grad- 
uations at the base for measuring angles of objectives. A 
microscope of either of these grades, with a complement of 
fine objectives, eyepieces, and other necessary accessories, 
will yield all the results attainable at this stage of micro- 
scopy. 

The graduated blue glass light modifier above referred 
to consists of a disk of flashed glass ground and polished so 
as to give all shades between white and dark blue, both 
transparent and translucent. This disk is pivoted upon an 
adapter (Fig. 297), so that it may be turned to receive any 
desired quality of illumination. It may be used in conjunc- 
tion with the condenser shown in Fig. 298. This condenser 
is fitted to the sub-stage, and is provided with several stops 
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and diaphragms, by which the light may be controlled. 
This condenser has a very wide angle, and is adapted for 
use in connection with objectives of all grades; but its 
efficiency is specially noticeable when it is used in connec- 
tion with objectives of high numerical aperture in the exam- 
ination of difficult objects and the resolution of tests. 

The iris diaphragm shown in Fig. 297^' is of great value 
in ordinary work. As its name indicates, its aperture may^ 
be expanded or contracted to adapt it to a partievdar object. 
It shuts off much superfluous light, thus saving the eyes ; 
M the same time improving definition of the object. 

For further information regarding microscopes and their 
accessories the reader in referred to the literature of the 
subject. Of this there is an ample supply.* 

C.VniKRlNt; MICROSCOI-IC OI5JECTS. 

Objects for microscopical examination are gathered by 
means of a wide-mouthed bottle clamped in tongs attached 
to a hmg handle, cane, or even a fishing rod. By this 
device mud can be removed from the bottom, the stems and 
leaves of aquatic plants can be scrajjcd so as to remove ani- 
malcules, and objects can be readily dipped from pools and 
shallow places. The under surface of j)lants and of grasses 
hanging over into the water may be scrajjcd with the bot- 
tle, and more or le.ss of the matter adhering thereto will be 
secured. ()ccasi<mally a long leaf like that of the flag may 
be lifted from the water and traversed by the bottle with 
good results. Small twigs and dead leaves floating in the 
water arc often found teeming with life. The thousands of 
animalcules and forms of minute plant life found in water 
will afford the most zealous student a life-long supply of ob- 
jects for examination. A wide-mouthed bottle or jar is pro- 
vided with a perforated cork, in which is inserted a funnel 
for receiving the material; and another funnel, inverted and 
placed within the jar or bottle, with its nozzle extending 

*“The Microscope and its Revelations,” by Carpenter ; "How to Work 
with a Microscope,” Beale ; "How to See with a Microscope,” Smith ; and 
“ Practical Microscopy,” by George E. Davis, are among the excellent works 
•on the subject. 
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upward through the stopper, is used for concentrating the 
material. Over the lower end of this funnel is stretched a 
piece of thin muslin, and to the upper end is apj)lied a short 
piece of rubber pipe, which is retained in a curved position 
by a thread tied around the neck of the bcjttle. The mate- 
rial gathered is poured into the funnel, the water escapes 
through the strainer, and the objects are retained in the bot- 
tle.* The hooked knife shown in the engraving is of great 

Fk;. 200. 





Implements for gathering Microscopic Objects. 


utility in cutting and fishing out parts of aquatic plants and 
submerged branches and roots, which arc often teeming with 
microscopic life. 

It would be futile to attempt anything more than the 
mere mention of a fevv of the interesting objects that may be 
seen to advantage in a small microscope. In Fig. 300 the 
engraver has beautifully shown some of the common objects 
which are easily secured, readily examined, and always 
interesting. 

* This device is due to Mr. Stephen Helm. 
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I. Seeds. 1. Tongue of Fly. }. Bee’s Wing. 4. Oeutzia Leaf. 3. Diatoms and Desmids. 
6. Entomostraca. 7. Infusoria Rotatoria. 8. Poraminifera. 9. Spicules. 10. Spicules 
and Plates. 11. Pollen of Marsh Mallow. 12. Plant Hairs, ij. Shepardia Canadensis. 
14. Crystals of Silver. 15. Fern Gold. 16. Galliennir Objects. 

Various Microscopic Objects. 
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At 1 in this engraving are shown various seeds; the 
lace-covered one at the top being the seed of the Nemesia 
compacta. The seed in the center is that of heather. That 
on the right of the lace-covered one is the seed of the poppy. 
The fringed one below it is that of the climber. At the bot- 
tom of the disk the seed of sorrel is shown at the left, and 
portulacca at the right. The remaining seed at the left is 
that of eucharidium. 

No. 2 represents the proboscis of the blowfly as it 
appears m the field of the microscope, except that the 
intricate structure the pseiulo-trachea is not shown in 
the cut as it appears in the micn)scojie. 

No. 3 shows the doubling hooks of a Ix'c's wing, which 
enable the ijisect to c<»nnect the wings of each j)air so that 
thev may be used as a single wing. 

No. 4 shows the silicii>us stellate hairs on the back of a 
deutzia leaf. The upper half of 5 shows several forms of 
diatoms, and the lower half is filled with desmids. 

In 6 branchipus is sh(*wn at the toj), cyclojis at the left, 
a young cyclops at the bottom, and dajihnia or the water 
Ilea at the right. These arc common in almost every 
pond. 

In disk 7 are shown on the left the stentor, so named on 
account of its trumjict-like form ; in the center the- beautiful 
and sensitive vorticella, and upon the right of the vorticella 
common rotifer, and upon the extreme right the sheathed 
trumpet animalcule. .Ml of these have cilia around their 
margins, which by their peculiar vibratory motion give the 
bell-shaped mouths the appearance of rotation. In the com- 
mon rotifer, and in the animals shown in di.sk 6, the internal 
organs may be readily seen in operation. 

In the upper part f)f disk 7 are shown a few of the hun- 
dreds of forms of life found in water in which animal or 
vegetable matter has been infused. 

In disk 8 are represented a number of the exquisite little 
shells of foraminifera. At 9 arc shown various .spicules of 
sponges, sea urchins, etc. At 10 arc shown sponge spicules 
and the anchor of Synapia inker ens ; ii shows the pollen of 
marshmallow, and 12 and 13 arc examples of plant hairs; 
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14 shows arborescent crystab of silver, a«a »5 
crystals of gold.* 

transfer of objects to slioe. 

The objects are transferred from the Inittle to the 
cavity of the slide for examination in the manner shown in 
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Transferring Objects to the Slide. 


Fig. 301. The drop tube, which has a funnel-shaped top, is 
stopped by the finger at the upper end, wliile its lower end 
is inserted in the water in the bottle above the matter to be 
removed. The finger is then removed and some of the 

PTc;, 302 



("ompressor. 

water, together with the objects carried by it, rushes 
upward into the tube. While the lower end is still in the 
water, the finger is again placed on the tube and this is 
withdrawn from the bottle and held over the cavity of the 

* The following books are recommended to the beginner In microscopy: 
Wood’s “Common Objects for the Microscope “One Thousand Objects 
tor the Microscope,” by M. C. Cooke ; “ Evenings at^ihe Microscope,” by 
Oosse ; and “Practical Microscopy,” by George E Davis 
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slide, as shown in the engraving, when a drop or so of the 
water is forced out by pressing down the end of the finger 
on the top of the tube ; the soft end of the finger acting as a 
sort of diaphragm in forcing out the required amount of 
water. Care must be taken to avoid getting solitl niatfer 
upon the slide around the edge of the cavity, as it will pre- 
vent the cover glass from seating itself properly. The 
cover glass is placed over th<‘ cavitv and pressed down 
lightly to squeeze out the surplus water, w hen the slide may 
be inserted under the clips «>f the stage aiid examined. 

A more convenient device for holding animalcules is 
represented in Fig. ^ 02 . It is known as the couqtre-sor. 
and serves to lightlv hold anv object placed between the 
glass in the oblong plate and the glass in the adjustable arm. 
In anv position it retains a drop ot water. 

To confine living objects to the field of vision, it is com- 
mon to [)lace between the glasses of the compressor a tew 
fibers of cott(jn f>r a [)iece of fine lace. 

MICRO.SCOPIC IIX.VMIN.VTION- of CILIA'I'Kl) oRCAXIS.MS 
IN TKKMrrTKX 1' l.IOH 1 . 

Every observing person has noticed that moving objects 
appear stati<jnarv when viewed bv a flash of light ; examples 
of this arc seen during every thunder storm occurring in the 
night, riie wheels of a carriage, a moving animal, or any 
moving thing, seen bv the light of the lightning, apjjcars 
perfectlv stationarv. the duration of the light being so brief 
as to admit of only an inap[jreciable movement of the body 
while illumination lasts. 

[f by any means a regular succession of light flashes l)e 
produced, the moving bodv v^ill be seen in as many different 
positif)ns as there are flashes «)f light. If a body rotating 
rapidly f)n a fixed axis be viewed by light flashes occurring 
once during each revolution of the body, only one image 
will be observed, and this will result from a succession of 
impressions upon the retina, which by the j^ersistence of 
vision become blended into one continuous image, in this 
case no movement of the body will be apparent, but if the 
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flashes of light succeed each other ever so little slower than 
the rotary period of the revolving body, the body will 
appear to move slowly forward, while in reality it is mov- 
ing rapidly ; and should the light flashes succeed each other 
more rapidly than the revolutions of the revolving body, 
the body will appear to move slowly backward, or in a^ 
direction opposite to that in which it is really turning. 

These curious effects arc also produced when the num- 
ber of the light flashes is a multiple t)f the number of revo- 
luti«)ns, or vice versa. 

fhe conibined effect of interrupted illumination and per- 
sistence. of vision may be practically utilized for examining 
objects under motion which couhl not otherwise be satis- 
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Interrupter for the Microscope. 


factorily studied. Toai)plv intermittent light to the micro- 
scopical examination of ciliated organisms, the writer has 
devised the electrically rotated apertured disk shown in 
Fig. 303, which is arranged to interrupt the beam of light 
employed in illuminating the object to be examined. 

The instrument consists of an electric motor of the sim- 
plest kind mounted on a plate having a collar fitted to the 
sulvstagc of the microscope, as shown in Fig. 304. The shaft, 
which carries a simple bar armature before the poles of the 
magnet, also carries upon its upper extremity a disk having 
two or four apertures, which ct)incide with the apertures 
■of the stage and sub-stage two or four tiines during the rev- 
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olutions oi the disk. The shaft carries a commutator, and 
the course of the current from the battery through the 
instrument is through the spring touching the commutator, 
through the shaft and frame of the instrument to the 
magnet, thence out and back to the battery. There are two 
methods by which the speed of rotation of the apertured 
disk may be .varied ; one is by plunging the elements of the 
battery more <)r less, and the other is by applying the 
finger to the shaft of the motor as a brake, the motor in 
the latter case being started at its maximum speed, and 
then sU)wed down to the reejuired degree by the friction 
of the finger. 

Experiment shows that the period of darkness should 
be to the period of illumination about as three to one 
for the best effects. Ch)sing two diametrically opposite 
holes in the disk represented in the cut secures about the 
correct j)roportion. 

V^arious rotifers examined by intermittent light showed 
the cilia ])erfectly stationary. The ciliary filaments of some 
of the infusoria, vorticella, and the stentor, for example, 
when viewed by intermittent light, appeared to stand still, 
and their length seemed much greater than when examined 
by continuous light. The interrupted light brings out not 
onlv' the cilia around the oral aperture, but shows to good 
advantage the cilia disposed along the margin of the 
body. 

What interrupted light mav reveal in the examination of 
fiagellatc or ciliated plants the writer is unable to say, as no 
objects of this character have been available. It is presum- 
able, however, that something interesting will result from 
the examination of volvox and other motile jdants, by means 
of this kind of illumination. Although it is necessary to 
interrupt the beam of light regularly, for continuous observ- 
ation, the effect of intermittent light may be exhibited to 
some extent by an apertured disk, like that above described, 
twirled by the thumb and finger or re\a)lved like a tt)p by 
means of a string; or by using a larger apertured disk 
fitted to a rotator, and placed between the source of light 
and the mirror of the microscope. 
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CIRCULATION IN ANIMAL ANT) VEOETAHLE TISSUES. 

Among vegetable organisms in which the circulation of 
the sap is visible, the nitclla is prominent. So, also, is the 
beautiful desmid colosterium. 

Fui. 305- 



Simple Ffiiu FMatu. 

Among animal ( irgani>ms. th<- daphnia, or water Ilea, is 
extrcmclv interesting, tlie minute lieart being made clearly 
visible by the trans[)arency ol the shell ol this little creature. 
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Kent’s Trouffh foi showing the Circulation of Blood in a Fish’s Tail. 

The circulatit'u ol blottd in a frog's foot may be shown by 
stretching the foot so as to distend the web, as shown in 
Fig. 305. One form of apparatus consists of a thin, aper- 
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turcd piece of wood, jjrovided witli a slide upon which 
to rest the frog's foot. A piece of cork has been used for 
this purpose without the glass slide. 

The slice of cork has a hole near one end corresponding 
with the hole in the stage of the microscope. The frog is 
wrapped in a wet cloth and held in j)lacc upon the cork by 
means of a small rubber band (Fig. 305). One of the frog's 
legs is extended. To two or three of the toes are attached * 
threads which arc held under tension by ordinar}’ pins stuck 
into the cork. The foot is moistened to render the web 
more transi)arent, and the circulation is observed with a 
three-fourth or one inch objective. 

'Phe circulation of blood in the tail of a gold fi.sh requires 
more complicated apjjaratus. It consists of a metallic tank 
provided with a thin extension, having in its upper and 
lower sides gla.ss windows, formed of cover glasses set in 
recesses and secured by marine glue. The fish is wraj)ped 
in a strip of thin muslin, as shown at 3. to deprive it of the 
u.se of its fins, and laid upon its side in the tank, as shown at 
2. in Fig. 306. with its tail between two windows, allowing 
the light to j)ass upward through the tissues from the mirror 
of the instrument. The tank is filled with water, and to pre- 
vent the fish from jumping, small wooden cross bars are 
placed in different positions in the tank. Arranged in this 
way, the fish may be observed for about twenty minutes. 
The blood is seen flowing in crimson streams in various 
directions through the tissues of the tail, the corpuscles 
being distinctly visible. A one-inch or three-quarter inch 
objective is ample for this purpose. 

The blood of the frog is white, and the corpuscles are 
larger than those of the fish. As compared with the cor- 
puscles of human blood, those of the fish are larger. 

QUICK MF.THODS OK MOUNTlNi: DRY OBJECTS. 

There is a certain class of microscopic objects that need 
little or no preparation for mounting, and require n<i pro- 
tection beyond a well secured glass cover. Many of these 
objects arc interesting and in some degree valuable; but the 
microscopist considers them hardly worth the trouble of 
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mounting. For such objects the method shown in the 
annexed engraving (Fig. 307) is of great utility, as it permits 
of inclosing the object quickly, completely, permanently, 
and in a presentable form, and while it seems especially 
adapted to such objects as are common and liable to remain 
unmounted, it is, of course, applicable to almost any dry 
object. 

To carry out this method, only two articles, in addition 
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to those usually possessed by microscopists, are required ; 
one being the ring with an internal flange at the top and an 
external flange at the bottom, the other a heating tool, con- 
sisting of a ring of brass attached to a suitable handle. 

The rings, of which the walls of the cells are formed, are 
spun or stamped from disks of Britannia metal, sheet bra.ss, 
or other sheet metal, with a narrow internal flange or fillet 
at the top for receiving the cover glass, and a wider external 
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flange at the bottom, for attachment to the slide. The rings 
vary in depth according to the depth of cell required. The 
under surface of each ring is coated with thick shellac var- 
nish and allowed to dry thoroughly. When the varnish is 
dry and hard, a clean cover glass is dropped into each ring, 
and the ring is placed bottom upward on the warming 
.stand and heated until the shellac melts and thoroughly cov- 
ers the edge of the cover glass. The ring is now allowed 
to cool, when the cover will be ready for use. It will, of 
course, be understood that a quantity of rings and covers are 
thus prepared and held in reserve. In fact, it is to be hoped 
that the manufacturers of microscopists’ supplies wnll fur- 
nish the rings and covers thus prepared, ready for instant 
use. 

The object to be j)rotected is attached to the slide by 
means of cement, in the usual way. 

A ring containing a glass cover is arranged over the 

Fig. 30S. 


Sectional View of the Slide and Healing Tool. 

object, and the heating tool is warmed and placed upon the 
outer flange of the ring, as shown in the sectional view. Fig. 
308. By this means sufficient heat is imparted to the ring 
to melt the shellac upon that portion touched by the heat- 
ing tool, and cause it to attach itself to the glass slide. It is 
the work of an instant to cover an object in this way, and 
the slide needs no further finish : but the operator may, if he 
choose, lacquer the rings to prevent them from tarnishing. 

A thin ring provided with the coating of shellac may be 
applied to an ordinary balsam mount to increase its security. 

By applying to the ring a suitable cement, a liquid cell 
may be made. The object to be mounted in the liquid cell 
is wet with the liquid and placed on the slide. The ring is 
then secured in the manner above described, and the liquid 
is afterward introduced into the cell through an aperture 
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previously madcin the side of the rin^. This aperture is 
stopped with cement, applied with a liot wire or needle. 

Dr. Stiles' wax cell is simple in construction, beautiful 
in appearance, and very effective for dry objects. 

Sheet wax, such as is used by the makers of artificial flow- 
ers, is the material employed in the construction of this cell. 
Three or four sheets of different colors are pressed together 
by the thumb and linger to cause them to adhere, and a 
square of the combined sheet thus formed of sufficient size 
for a cell is cut out and pressed upon a glass slide. The 
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Makinjj iht* Wax Cell. 


slide is then placed upon a turn table, as .shown at 3, Fig, 
309, when, by the dextr(»us manipulaticm of an ordinary 
penknife, the wax is cut into a circular form, and the cen- 
ter is cut (,)ut to the required depth. If the cell is to con- 
tain a transparent or translucent object, the entire central 
portion of the wax is removed, as shown at 2 ; but if a 
ground is required for the object, one or more layers of 
wax are allowed to remain, A portion of the upper layer 
of wax is remf)ved to form a rim for the reception of the 
cover glass. Where a black ground is required, a small 
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disk of black paper is pressed upon the lower layer of wax. 

I he final finish is ^^iven to the cell by a coutin<^ of shellac 
varnish, applied while the slide is (ju the turn talile. 1‘hese 
cells arc very quickly made and have the linishcfl appear- 
ance of a cell formed of different colored cements. 

MICROSCOPICAL KXA.MINATIOX oi- TIIK PIIEXOMLNON <>I 
COLORS OF iIIIN Pi.ATLS. 

As all works on li^ht and on f^cncral physics treat of the 
phenomenon of the interfcicncc of lij^lit as exhibited in thin 
transparent plates or films, it will be unnecessary to i^o into 
an examination of this subject in detail ; but it will doubt- 
less prove both intercstinj^' and profitable to those interested 
in microsco[)y lo take up the study of this subject with the 
aid of the microscope. 

There is nothinj»; more beautiful than Xewton’s rinijs, or 
a soap film, or extremely thin piates of mica when viewed 
in a microscope by i)ropcrly directed liirht. lA'cn the gor- 
ifcous colors of [)olarized li.efht cannot be excluded in this 
comj)arison; but it is difficult with ordinary appliances to 
see these ex(|uisitc tir.ts. 

riie writer, alter some experiment, devised mounts for 
the ready exhibition of Newton's rinsjs and interference 
phenomena, as shown bv the .s(»ai» film. 

The device for the exhibition of Newton's riiii^s is show n 
in I'ig’. 310, I showin<i^ the [)osition of the mount on the 
microsco{)e staj^c, 2 beinec a pers[)cctive view <.)f the slide, 
and 3 a diametrical section of the rubber cell containing' the 
plane and convex glasses. 1 he plane glass is a disk cut 
from one of the finer kind of glass slips, commonly used in 
mounting objects. I he convex disk is cut trom an ordinarv 
biconvex spectacle lens, having a focal length of ^4 inches. 
The cell is screw-threaded internally, and pnivided with a 
.screw-threaded ring, which clamps the twi) gla.sses together. 
It has. in diametrically opposite sides, cavities for receiving 
the ends of the wire frame, which is clamped to the face «)f 
the slide by a clip and two screws. The cell containing the 
glasses is in this way supported adjustably so that it can be 
raised or lowered, or tilted at any required angle. 
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The position of the cell relative to the source of light is 
shown at i. The cell and the source of light or the mirror 
should be arranged so that the image of the flame used for 
illumination or the broad light of the sky will be reflected 
up the tube. The objective (a 2 inch, with 2 inch eyepiece) 
may now be focused, when the rings, which about fill the 
field, will appear with great brilliancy. The effect may be 


Fii;. 310. 



Mount of Newton s Rin^s for the Microscope. 


somewhat varied by turning the cell at different angles, and 
moving the source of light accordingly. The concave 
mirror is used to concentrate the light ; but, of course, a 
condenser may be used instead, or, if the light is strong 
enough, the beam may be received directly on the glass of 
the cell, and thrown up the tube. 

With the unaided eye the rings appear as a very small 
disk, with no very noticeable beauty ; but in the micro- 
scope it is not only greatly magnified, but properly illumi- 
nated. 
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An interesting experiment, showing the difference 
between the effect of pure sunlight and artificial light, 
consists in adjusting the mirror so as to simultaneously re- 
ceive light from the sky and from a lamp or gas light. The 
portion of the disk illuminated by the lamp light shows the 
predominance of yellow, a greenish hue taking the place of 
the blue ; the red being also modified. ^ 

Monochromatic light, such as is secured by passing light 


Fig, 311. 



Holder for Soap Film. 


through a deep red glass, for example, shows the nngs as 
alternately red and black. 

The device for exhibiting the soap film, which is shown 
in Fig. 311. will now need little explanation. A ring is 
i)ivoted in the same manner as the cell already described. 
By dipping the finger in soapy water, and passing it over 
the ring, a film will remain in the ring, which may be viewed 
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Mount of Mica Plates. 


in the same manner as Newton’s rings. The bands of iride- 
scent color are very brilliant. 

Thin plates of mica exhibit, the same phenomenon. By 
tearing a very thin plate of mica, so as to leave a ragged 
edge, many extremely thin points will remain projecting 
from the torn edges ; these may be cut off, and cemented in 
a suitable position for observation, Thc.se little points are 
quite difficult to handle. Probably the easiest way to man- 
age them is to cut the piece of mica down quite small, and 


304 


EXPERIMENTAL SCIENCE. 


then take the bright point in a pair of clean forceps, and cut 
the larger part off, then touch the edge of the bright piece 
with Canada balsam, and put it in position on the slide. 
These little plates of mica arc viewed in the same manner 
as the Newton's rings. 

It is perhaps hardly necessary to say that having jne- 
parerl a gOod mount of the mica plates, it is advisable to 
inclose it under a cover, as soon as convenient, to exclude 
dust. 

MICROSCOPU v'nSHRVATlON' OF VIBR.VITNc; RODS. 

A metal rod fixed in a vise at one end. with a silvereil 
glass bead attached to the other end, constitutes Sir Charle> 
, Fig. 313. 



Vibrating Rf»cl mounted for Microscopic Observation. 

Wheatstone's apparatus for Ihc study of the transverse 
vibrations of rods. 

By vibrating a rod arranged in this way, Wheatstone 
was enabled to obtain an almost infinite variety of sytnme- 
trical and beautiful luminous scrolls. 

It is a simple matter to repeat Wheatstone’s experiment 
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with the api)aratus allucled to, but it is not always conve- 
nient to do it. 

A vibrating rod permanently mounted in a cell anrl 
arranged for observation with a microscope is shown in 
Fig. 313, I reprc.senting the uu)unt in perspective, 2 showing 
it in section, 3 showing the rods detached from the mount. 

To an ordinary 3x1 inch glass slip is connected a paper 
tul)e A internal diameter and 1 % inches long, well 

blackened on the inside. 

The cement is a|jplied carefully, so as to have the glass 
clean and clear with the tube. To a cork fitted to the open 
end of the tube is cemented a wire spiral formed of about 4 
in. of No. 40 spring brass wire. The diameter of the spiral is 
inch. The end of the spiral next the glass slip terminates 
in a straight arm j in. long, upon the end of which there is 
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r'urv(*< tra('t,*d bv VIbiatint: Rod. 



a minute bead of black glass. .\ smootl, bead is secured by 
first fusing borax on the end of the wire, then touching the 
borax while in a fused state with a thin thread of black 
glass, then breaking the thread a short distance from the 
end oi the wire, and linallv fusing it by gradually pushing 
it forward into the llame until a jjerfect bead of the required 
size is formed. 

I'he cork with the spiral is inserted in the paper tube 
with the bead ai rangetl eentrallv with reterence to the tube, 
and only a very short tlistance below the glass. 

liy placing the mount thus juepared under a i in. or 2 
in. objective, and allowing light to fall on the bead from one 
direction, it will be noticed that the black glass bead is rarelv 
at rest, the bright pencil of light reflect etl from it continu- 
ally de.scribing curves of various forms. sStejtping tm the 
floor of the room in which the microscH>pe is located is gen- 
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erally sufficient to set the spiral into active vibration. Rap- 
ping on the table on which the microscope rests will cause 
the bead to describe intricate curves. 

By striking the side of the pa[)er tube with more or less 
force, different figures will be produced. 

Illuminating the bead from two points i)roduces parallel 
curves. 

While this mount is perhaps not strictly a microscopic 
object, it may nevertheless be viewed to advantage by the 
mien )scope. 

Sl.MPI.K POI.ARlxOI'K EOR rUK MlCROsCOl'K 

To the draw tube ot the microscope is fitted a paper 
tube, which is readily made by gumming writing paper and 
w inding it around a cvlindrical stick ot the j)roper si/e. Tt> 
the paper tube is fitted a second tube, and this last tube is 
cut diagonallv through the center at an angle of 35 25'. 

One of these pieces is inserted in the first tube, and sixteen 
or eighteen elliptical glass covers, such as arc' used for cov- 
ering mejunted microscopic objects, are placed on the diago- 
nallv cut end of the inner tube. 

The gla.sses should l)e ihoroughlv cleaned, and when in 
position in the tid)e ttiev are held by the remainder ctf the 
diagonallv cut tube, riie sectional view of the instrument 
clearly shows the position of these glasses in the draw' tube. 

The tube which goes under the stage is made in pre- 
cisely the .same way, and is supported in position for use by 
a short paper tube secured to a cardboard casing adapted 
t(j slide over the stage of the microsco[K;, as shown in the 
engraving. Notches are formed in the rear edge of the 
upper part of the casing to a!Ic>w it to slip by the slide-hold- 
ing clips. The lower tube must be cajiable of turning in the 
short fixed tube, and it may be prevented from falling out 
by gluing a cardboard band ora jiiece of small cord around 
its upper end, forming a sort of flange. The hole in the 
upper part of the casing is made larger than the movable 
tube, to admit of inserting the tube from t he top of the casing. 
The part of the attachment below the stage is the polarizer. 
The part in the draw tube is the analyzer. 
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By turning the polarizer, tlie light being thrown directly 
up the tube by the mirror, the field of tlie microscope will 
appear alternately light and dark, showing the partial extin- 
guishment of the polarized beam twice during each revolu- 
tion of the polarizer. 

When the field is darkest, a i)iece of mica of the proper 
thickne.ss inserted between the stage and objective renders 
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Simplf I’olarisctvjDc for the Microscope. 


the field light, and it may, in addition to this, produce a 
color effect. The colors depend on the thickness of the 
film and u{)on its position in the instrument. 

riiere are various chemical salts and animal and vegeta- 
ble substances which produce brilliant color effects in the 
ptdarized beam. Salicine is a favorite. Santonine is good. 
Tartaric acid, boracic acid, and cane sugar ^are easily pre- 
pared by allowing their solutions to crystallize on the glass 



308 


EXl’ERIMKNTAL SCIENCE. 


slip. Some ot these substances, salicine for example, may 
be fused upon the slip and rccrvstallized. 

The colors may be heij^litened by placing a him ot mica 
behind the object during examination. Different colors will 
be produced by different thicknesses (»f mica. 

Among animal substances to be examined in this way arc 
fish scales, parings of the tinger nails and of horses* lioofs, 
parings of corns and ot horn. 

Among vegetable substances, the sections of some woods, 
the cuticle of plants, the rush for example, form good polari- 
scopic (objects. 

Many minerals show well in polarized light, but the) are 
generally difficult of preparation. Selenite is an exception, 
it may be readily reduc'ed to the j)roper thickness to secure 
brilliant effects. 

The polariscope above described, although not as desira- 
ble as one provided with a pair of Xicol prisms, is neverthe- 
loss worth having, and will give its possessor'! great deal of 
satisfaction. 
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C'HAPTER XIV. 

1 II I. I !•; 1 . 1: s < o I* K. 

Some hints are liere <i;iven as to the construction of a 
cheaj)an(l efficient lelescoj)e which will f^ive its possessor a 
jj^i’eat deal of enjoyment, and will serve to stimulate astro- 
nomical observation and research. 

IMate IV'. represents the telescope, its standard, and the 
various jrarts in section and in detail. The object ijlass, A, 
shown in the en^-ravin^. is a meniscus lens 2 -\ inches in dia- 
meter and 36 to 3S inch locus. It is mounted in a wooden 
cell, li, having an internal Hange or fillet about ,’4 inch 
wide, forming a true supjiort for the lens and bearing 
against the end of the paper tube. D, which forms the body 
ot the telescope. The lens is retained in its cell by a flat 
strip, K, of brass which is sprung into the cell and pushed 
(iown against the lens. I he cell is fastened to the tube by 
common wood-screws, which jiass through the collar into 
the pajier forming the tube. It is perhaps needless to say 
that the cell should be made of some thoroughly seasoned 
han.l wood, which is not lianle to change under atmospheric 
influences. Hard maple answers a good purpose, but 
mahogany is jireferabie. 

To protect the objective when not in use, a cap. F, of tin 
or j>asteboard, neativ covered with morocco or velvet, is 
titted to the cell. , 

I'he paper tube, of which the tclescoj.e body is formed, 
is such as is commonlv used for rolling engravings for mail- 
ing. It is 3 inches external diameter and 32 inches long 
(about 4 inches shorter than the focal length of the objective^. 
The exterior of the tube is covered with Java canvas 
attached by means of bookbinder’s paste (flour paste with 
glue added), and varnished when dry with two or three 
thin coats of shellac varnish. This gives the tube an ele- 
gant and durable finish. 
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The focusing tube, G, which is of brass, inches inter- 
nal diameter and ii inches long, is guided by a turned 
wooden piece, H, fitted to the end of the pasteboard tube, 
D, and held by three or four ordinary round-headed wood 
screws. 

The piece, H, lias a shoulder, ti, against which the end of 
the pasteboard tube abuts, and only about three-quarters of 
an inch of the piece, 11 , actually fils the tube, the portion 
from h to r being tapered as indicated in the engraving, and 
near the extreme inner end, about 3 ^ inches from the shoul- 
der, there are three screws, </, used in collimating the focus- 
ing tube, G, 

The bore of the piece, 11, is somewhat larger than the 
focusing tube, G, and is provided with a cloth lining, r, at 
each end to insure the smooth working of the tube. 

A short distance from the shoulder. </. a mortise about 
three-ciuarters of an inch stjuare is made through the side of 
the tube, D, and the piect*, H, and a transverse slot, /, is 
formed to receive the wooden spindle, 1 . which is enlarged 
in the middle to receive the rubber thimble, J, and has on 
one end a milled head by which it may be turned. The 
.sjiindle, 1 , is held in place bv concave pieces, which in 
turn are retained by the curved plate. I, attached to the tube, 
I), by screws. The rubber thimble, J. is of sulficicnt diameter 
to reach to and press upon the focusing tube, and the latter 
has a series of transvense grooves filed in it to insure suffi- 
cient friction to move the tube, (i, in and out when the 
sjiindle, 1. is turned. This simple device may be used 
instead of the usual focusing mechanism, but a rack anil pin- 
ion is preferable. 

The cell, B, piece, II, anil spindle, l.are blacked and pol- 
ished on the outside, and the cell is lelt dead black on the 
inside. The interior of the tubes is also made dead black. 
Such a surface may be secured by adding lampblack to a 
little very thin shellac varnish, and apjilying it to the inside 
of the tube by means of a swab. 

The focal lengths of the lenses of the a.stronomical eye- 
j)iece should be to each other as three to one : the field lens, 
which is nearest the object glass, having tlft‘ greatest diame- 
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ter and the lontjcst tocus. and ‘i»e convex side of each lens 
sinndil be turned toward the object >4,lass. I'heir ilistance 
apart is one-hall the siun of tlieir local lenii,flis. I'liesc 
lenses are mounted in a wooden cell, L, whose exterior is 
titted to the tocusini^' tube, (j, and jj^rooved 
circuinlercntially to receive a strip of 
cloth, which is ijlued in, and insures a jrood 
lit. The cell is bored in diflcrent dia- 
meters to receive' the held lens, //, the dia- 
phragm, i. and the eve lens, /, all oi which 
are held in place ai:;ainst shoulders iormed 
in the ecil. b\ lircidar spnni;s ol brass, 
w Inch are spriinp in, as in the case ol the 
obieet ^lass. riie eve a]>erture is about 
inch, and the aperture ol the diaphrat’in 
i-- al)( )ui t he ''aine. 

It i^ We'll to make the’ diaphniijtn 
adjustable, ^o that it inav bi' moved back 
and lorth to .^e'cnre tin- best position. It 
will be- lonnd. howe've'r. tluit il ])hiced just 
bexond the focus of the t've lens, il wiil 
ie-ix e- the best I'e'snlls. 

.\ cire nlar re'i-e'ss, is Iormed in tlu' 
lace of the cvepie'ce to rc'ceixe ;i sun j^lass, 
which is retained in place, when in use, 
^ bv the sh< irt-curved sprinj^^, /. FIk' sun 
je-lass is simply ;i disk of verv d;irk j^lass. 
It must, in fae t.be nearly o|)a(pie ; some 
of the ;^la.ss known ;is black ^Itiss tmswers 
the pnri)ose verv well. 

If but OIK' astronomical eyepiece is 
made, probably the mrest satisfactory com- 
binatiem would be aslolhnvs: f'iehl lens, 
i.\ inches foetd lenj^th ; eye lens, inch ; 
Terrestrial Eyepiec; i i„ch. It is advisable, 

however, to have three eyepieces for different j»urposes — 
one of hif^’her ptnver anti one of lower |)ower than the one 
described. 

A terrestrial eyepiece is illustnited in the sectional view, 
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Fig. 316. It is of little use to adapt such an eyepiece to this 
instrument unless it is first provided with an achromatic 
objective. It is then a powerful telescope, which will enable 
one to see well for many miles. The method of mounting 
the lenses described in connection with the astronomical 
evepieccs will be followed here, therefore little more than 
the diameter and focus of the lenses and their distance apart* 
need be given. There arc four plano-convex lenses, A', 13 , 

D', mounted in two pairs in wooden cells, E', F', fitted to 
the tube, G', which in turn is fitted to the focusing tube, G. 
'i'he cell, E', has a inch aperture lor the eye and a bead 
which project^ beyond the tube, G'. The lens. A', is about 
p,. inch in diameter and 1 inch focus. The lens. B', is | 
inch diameter and li inch focus. The lens, C', is A inch 
diameter, inch focus. The lens, D', is diameter and 
I inch locus. The plane face of A' is if inches from the 
]»lane face of B', and a stop, H', having a inch aperture 
is placed i inches from the face of the lens. A'. From the 
plane face of the lens, B', to the plane side of the lens, C'. it 
is 3IJ inches. The distance between the plane side of the 
‘mis, C, and the plane face of the lens, D', is 1 inches. At a 
distance of inch from the face of the lens, C', there is a 
diaphragm, f ', having a ';3 inch aperture. It wiil be observed 
that in this case the convex sides of the lenses, C' D, are 
turned toward each other. 

At the extreme inner end of the tube, G’, there is a dia- 
phragm, K', of If aperture, which is held in place by two 
circular springs. The interior surfaces must be well blacked 
to iirevent reflection. 

The method of mounting the lenses here shown and 
described is inexpen.sive and fairly clhcient. If something 
better is desireil the reader may, of course, make the mount- 
ings of bri.ss. and fit the instrument up according to i.is 
taste and abilit v. 

The arrangement of the various parts is clearly shown 
in the .sectional view, at 2. and the focusing device is shown 
at 4, which is a transverse section. 

In regard to collimation : by cutting off the ends of the 
paper tube truly in a lathe, the cell, B, and piece, H, will be 
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measurablj true. To determine \vheth_‘r the focusing tube. 
G, and cell, B, are axially in line, a truly cut cardboard disk 
with a pin hole exactly in the center mav be placed in the 
cell, B. A similar disk may also be {>laced in each end of 
the focusing tube, G. 

Now, bv adjusting the piece, II, bv means of the three 
screws, //, the three pin holes in the disks mav be readily 
brought upon the same axial line ; then, if the lenses have 
been carefully centered bv the manufaclurer, the telescope 
will be found sufficiently well collimated. If, however, it is 
desired to ascertain whether the lens is truly centered, it 
mav be turned in its cell, while the telescope is in a fixed 
position, and directed toward some immovable object. II 
the image moves as the lens is turneil. it shows that the cen- 
tering is defective. 

If there are doubts as to whether the axis ol the objec- 
tive coincides with the axis of the tulie, the latter may be 
supported in V-shaped supports ada]>ted to the truly turned 
ends, then bv placing a candle at some distance trom the 
face of the lens, and turning the tube in its V' supports, at 
the .same time viewing the rellection of the candle in the 
lens, it will at once be known bv the movement of the 
reflection that the cell reipures adjustment to render the 
axis of the objective and that of the tube coincident. 

With a telesco[)e of this description a large number of 
celestial objects mav be examined with great .satisfaction. 
The moon furnishes an unending source of delight, showing 
as it docs a face that is ever changing throughout the lunar 
month. Jupiter is an interesting study of which one does 
not soon tire. I he telcscojie descrilied will show the satel- 
lites in their varving [positions from night to night and the 
dark belt across the face of the planet. 

.Saturn is a grand object with the telescope. Ilis ring 
may be clearly seen. The meniscus lens will show a little 
color, and its definition will be quite defective when directed 
to such bright objects as the moon, Jupiter, .Saturn, Mars, 
or Venus, with the full aperture, therefore the aperture 
should be reduced by a diaj^hragm of black cardboard. .V 
little experiment will determine the best .sized aperture. 
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For nebulae, star groups, and double stars, the full aperture 
should be used. The great nebula of Orion is an interest- 
ing object ; many of the star grou[)s are very pleasing. The 
sun also, when the spots are visible, may be viewed with 
satisfaction. Of cour.se, the sun glass will be applied before 
the observer attempts to view the sun, otherwise the eye 
may be injured or destroyed. .V double or plano-convex 
lens, of h>ng focus, may be used for an objective, but the 
meniscus is better. 

If the mountings have been carefully made, the menis- 
cus or the piano or double convex lens will soon be sup- 
planted by a good achromatic objective, which will increase 
tlie efficiency of the instrument many fold. 

.\s to the telescope stand, little need be said, as its con- 
struction is so clearly shown in the engraving. It cann(»t 
be made too solid. If it is very clumsy, this is no objection. 
If it is slender, it will shake. Every tremor has the benefit 
of the magnifying power of the telescope, and is amplified 
to a wonderfvd extent. 

The stand represented is easily constructed and answers 
an excellent purpose. From the ground to the top of the 
hexagonal hub, .M, it is four feet. Three of the alter- 
nate sides of the hub are wider than the intermediate ones, 
to receive the wrought iron hinges by which the legs are 
attached. To attach the hinges, the pin is first driven out ; 
one-half of the hinge is then attached to tlie leg. and the 
other half to the hub, .M, when the pin is replaced. 

No. 5 is a top view tif the hub and the upper portion of 
the legs: 6 is a vertical .section. .V i.l inch hole is bored 
through the hub to receive the standard. N, which supports 
the tele.scojie. 'Fo each of the legs is hinged an arm. //. 
which folds down against the standard, so as to spring the 
legs outwardly, and thus render the stand very rigid. The 
lower ends of the legs are provuled with spikes, and a strap 
is attached to one of the legs to bind them all together when 
the instrument is not in u.se. 

The upper end of the standard, N. is reduced in size, and 
made slightly conical for receiving a socket. O, to the upper 
end of which is jointe<l an arm attached to the V-shaped 
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trough, P, in which the telescope is secured by straps. I he 
form of the joint is shtnvn at 3, which is a vertical transverse 
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Compact Telescope— 2 inch Aperture, 24 inch Focus. 


sectifin. A strong bolt, o, forms the pivot of the joint 
between the socket, O, and trough, P, and is provided with 
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a wing nut by which it may be tightened. The surfaces of 
the joint as well us the upper end of the standard should be 
coated with black lead to insure smooth working. A post 
set firmly in the ground, while it cannot be nnjvcd from 
place to j)lace, has the advantage of being rigid. It forms 
one of the be.st of cheap stands. 

( OMIWt I 1 

In Fig. 317 is re[)resented a fine telesc(jpe of 2^ in. aper- 
ture, the optical parts of which are made after the formula; 
t)f the late R. li. 'folles. 

I'his telescope is suitable for either celestial or terres- 
trial observation. The high j)erfection ot the objective 
permits of a very short locus 124 inches), which is a feature 
of cotisiderable importance in portable telescopes. 

.Saturn with his rings and satellites, Jupiter and his 
moons, the nebula of Orion, and other nebula- the various 
star clusters and many of the double stai^ may be seen with 
V great deal of satisfaction with this little tele'>coj)u. 
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CHAPTER XV. 

r 11 O T O (J R A V 11 V. 

Probably no branch of applied science is so familiar to 
all classes of people as that of photoj^ra})hv. The art is 
practiced by professionals and amateurs with ditTerent 
dej^rces of skill, varvinij from that which can produce only 
a recognizable shad<iw to that which is capable of securing 
results little short ol perfection. 

A great deal depends up(m mani})ulativc skill, and much 
depends ujjon the apparatus, and. while a camera of lair 
tjuality is indispensable, the best instrument oi)tainable will 
not couipensate for carelessness nor for lack of the finer 
judgment re<iuired in many of the oi)crations of photo- 
graphy. 

Since the introduction of the drv plate, the camera and 
its accessories, together with a few pans and measuring 
glasses, constitute the outfit with which the operations are 
cai ried on. 

The lens is a vital part of the outfit. It should be 
selected with moje regard for its (pialilv than its cost. 

While pholograjjhs can be taken with a single lens, a 
Cfjmpound achromatic lens is very desiral)le. riiere are 
many kinds of lenses in use ; those having a wide angle and 
short focus, employed for ph(;tographing buildings, street 
views, near (objects and interiors, and those of a narrower 
iingle and longer focus, adapted for views having consider- 
able distance. When only one lens can be purchased, a lens 
of the latter class is preferable. Lenses of either kind may 
be adapted to different ctjnditions of use by means of stops 
or dia[)hragms with apertures of different sizes. 

After ac(juiring a sufficient knowledge of photography 
to judge (){ the capabilities of a lens, the beginner should 
procure the best lens he is able to purchase. The writer 
has for years owned “ gornl ” lenses, and he might tnifh- 
fully say *■ very good ” lenses, but recently he has purchased 
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some of the best lenses of recent construction and the 
“1^00(1” lenses have been relegated to the second-hand 
dealer. 

riie marvelous perfection of modern lenses can hardly 
be appreciated without the actual trial. The new lenses 
have great definition, flatness of field, surprising depth of 
focus, and rapidity equal to any demand. They are also 
non-astigmatic— a characteristic that cannot be overesti- '* 
mated. 

Anv good camera b<jx will answer, provided it is light- 
tight. The more expensive boxes with swing backs, rising 
fronts and focusing tncchanism arc convenient and desirable, 
riie modern plate holders are easily manipulated in the dark 
room, and they are not cumbersome to carry. I 3 y the use of 
kits, large plate holders may be adapted to small plates. A 
small and light tri|)od mav be chosen, but it should have 
sufficient rigiditv to hold the camera steadilv. 

The clotli used to cover the head while focusing should 
be light-tight, also waterproof, as in case of a storm it may 
be used to protect tlie camera and the plate holders. 

The dealers furnish a great variety of plates from which 
to choose. Beginners will experience the greatest satisfac- 
tion in slow plates, as with these the danger of over-exposure 
is small. I’lates must be kept in a dry place and carefullv 
|)rotected from the light. The boxes of plates should be 
o])ened and the j>lates inserted in the plate holders in a per- 
fectlv dark room, if possible. It a light is required, a ruby 
lamj) capable of giving a dark red light may be used, but 
the liglit must be used cautiously. Probably more plates 
are fogged in a <lark room than elsewhere by needless 
exposure to the ruby light. It seems hardly neces.sary to 
say that the plates should be placed in the plate holders 
with the film side out, that is. toward the slides. They 
shcHild be carefully dusted with a fine, soft camel’s hair 
brush before closing the slides. 

riie camera is pointed at the object to be taken, and 
adjusted so that the inverted image on the ground glass is in 
the desired position. The focusing cloth is then thrown ovet 
the head and over the camera, and the movable portion of 
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the camera box is adjusted until a position is found at which 
the particular object appears sharp on the ground glass. If 
the image is too large, the camera must be moved back ; if 
not large enough, it must, of course, be moved forward. 
-Vfter focusing, a suitable sto[) is inserted in the lens tube. 
This will vary with the light and with the intended exposure. 
It will be found that the light acts very much quicker oi\ a 
Julv dav than in December, and that the duration of expo 
sure varies with the hour of the day as well as with the time 
of year, so that a larger stop must be used ora longer expo- 
sure made in winter than in summer, and in the morning and 
evening than at midday. 

The use of a stop gives more detail in the shadows, in 
consequence of allowing a longer expe^sure; it also gives 
greater depth of field. After the insertion of the sto|)s the 
cap is put on, the [date holder is inserted in its place and 
the slide withdrawn. Everything being ready for the expo- 
sure. the cap is removed and replaced. On a bright sum- 
mer day, with an achromatic lens, the exposure of a slow 
[ilate with the smallest stop will retpiirc from three to livi‘ 
seconds, but the time cannot be given with accuraev; it 
must be learned bv experience. With a last j>late, an cxjio- 
sure given bv removing the caj) and immedialelv replacing 
it is sufficient. With a (juick-working lens this exposun 
would be too long. An instantaneous shutter would b.’ 
required. 

If it can be avoided, the camera should never be pointed' 
towarrl the sun, Init if it becomes necessary, the lens must 
be shielded m such a wav as to afford adecpiate jjrotection 
without interfering with the field of view. The best land- 
scapes are securcfl in the morning or aftern(K)n, the shadows 
being longer than they are at midday. Photographing on 
windy days slundd be avoided, unless the exposures are to 
1 k‘ instantaneous. The duration of the ex|)osureof the plate 
varies greatly under different conditions. Interiors fre- 
(juentiy rctpiire an exposure of an hour or two, often longer. 

For copying from book.s, engravings or photographs for 

* With recent lenses this precaution need not he observed. Some of the 
best effects are secured by pointinnj^. the camera toward the sun. 
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lantern slides or for reproductions, the ordinary camera b<jx 
will usually be found too short, hut a pasteboard extension 
may be fitted to the b<jx. For copyiiif;, a j^ood achromatic 
rectilinear lens is necessary. When the work is done by 
daylij^ht, the camera should be placed with the back or si(l<.‘ 
toward the window, the object to be copied beinj^ placed in 
front of the camera and well illuminated. In this clas.s of^ 
work much depends on careful focusinjr. A mairnityuii^ 
jjjlass of 8 or 10 inch focus is of <^reat utility in tliis connec- 
tion. By employinj.^ a kerosene or LCas lam|; ]>rovifled witli 
a reflector, copying may be successfully carried on at iiij^ht. 
The exposures under the.se circumstances yary from ten 
minutes to a half hour. 

Instantaneous photos^raphy is attractiye and interesting', 
but difficult. It should be practiced only w hen necessary. 
Time e\|)osures are always preferable when they are feasi- 
ble. lAcellent instantaneous pictures may be taken, liow- 
eyer, after a little practice, but success is not always certain. 

bor instantaneous work, a good shutter and a quick- 
working lens will be retpiired. The camera is focused in 
the usual way. A large stop is inserted m the lens tube and 
a last plate is used. The slide is remoyed, and when the 
object is sighted, the shutter is let i)tt. 

The exposure and development of a plate are intimately 
related to each other; a properly exposed plate may easily 
be s|)oiled in develo[>ing, while, on the other hand, an unduly 
under or over exposed plate can neyer be made U) produce 
a go(jd negative by any [irocess of developing. A perfectly 
dark room illuminated only by a rubv light with an orange 
colored glass superpo.sed is intlispensable. It should be 
furnished with a sink and running water, but progress may 
be made with no other conveniences than a pitcher of water 
and a washbowl. Several pans of gutta percha, glass, or 
porcelain are retjuired for develo})ing, fixing, etc., also two 
graduated glasses and a glass funnel are necessary. A pan 
should be provided for each kind developer and one for 
hyposulphite of soda. The glasses, funnels and pans must 
be kept scrupulously clean, and the latter should always be 
used for the same kind of solution. 
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Tlierc are several tlevelopers for dry plates. The follow 
ing; is one of the best ; 

Bmc/i lyro-Potasli Dci’eloper. 

No. I. — Pyro Solution. 

Sulphite of soda lehemically pure crystals) 4 ouncc.s. 
Wann distilled or melted ice water 4 

% 

When cooled to about 70 h'ah.. add : 

Suli)hurous acid water \^strong;cst to be 


had) 3+ (dunces. 

And lastly, pyrogallic acid i “ 

Xo. 2. — I’otash Solution. 


Carbonate potash (chemically pure) 3 ounces. 

Water 4 


P>. 

Sulphite soda 1 chemically pure crystals) .2 ounces. 

Water 4 

Make A and f 3 separately and then combine in one 
solution. 

For a 5/8 plate, pour into the iLfradualed g'lass i drachm 
of the pyro solution and .1 drachm (A the j>otash ; add 3 oz. 
water. Mix well. I he ]>latc should be lig^htly brushed clean 
with a soft camel's hair brush, and placed with the film side 
up in a pan containinj^ fresh water; soak for about a minute, 
then pour the water off, and pour on the developer ; rock 
the pan 'gently, so as to flow the developer evenly over the 
plate. The pan should now be brouffht close to the ruby 
light, and the plate examined. An image should begin to 
appear within two or three minutes. The plate should be 
closely watched. The high lights (sky, etc.) develop first, 
and appear as a darkening of the plate. The other objects 
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follow. Development should he proceeded with until all 
parts of the picture show clearly by transmitted light, and 
until the plate turns gray, and the image seems to fade 
away. The outlines of the image appear on the back of the 
plate when it is sufficiently fleveloped. If a plate comes up 
(juickly, say within a minute, it is over-exposed, and should 
be removed to a pan containing water to which is added 
small (juantitv of devci(;per with the pyro solution in excess, 
or the plate may be placed in the developer, to which has 
been added a few drops of a solution containing 150 grains 
of potassium bromide in 2 oz. water. 

In case a plate is very much over-exposed, it will not 
come up in a long time, aiul will be worthless. If a plate 
should not c(mie up in a reasonable length of time, more of 
the potash solutiijn should be added. An under-exposed 
instantaneous plate may be started by placing it in a weak 
solution ol potash anti water, tlien developing with an excess 
of alkali. I'ogging is produced bv too much alkali. 

Over-development produces a hard negative, from which 
it is difficult to make a good print. Weak negatives having 
clear shadows, with plentv of detail, but lacking intensity in 
the high lights, are the result ol over-exposure. Too strong 
high lights with weak shadows are due to under-exposure. 
Transparent spots ( pinholes 1 are caused bv dust, or air bub- 
bles lormed in development. If a plate during development 
is seen to lack detail in places, the development may be 
forced at such points by applying a large, soft, round cam- 
el’s hair brush charged with inoderatelv strong developer. 
The brush is rapidlv passed over the portion of the plate to 
be brought out. care being taken not to touch the other 
parts. If negatives show too great contrast between the 
dark and light portions, the developer should be reduced 
with water. 

After development the [>late should be thoroughly 
washed with water and put in a clearing or fixing solution 
formed of sodium hyposulphite p‘ hypo ”) 1 oz., water 5 oz. 
A very small quantity of hypo mixed with the developer is 
sufficient to defeat all dark-room operations. Therefore, it 
must be isolated from everything else, and the hands must 
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be thoroui^hly washed after handling it. Wlien the hypo 
solution is discolored, it must be replaced with a Iresh solu- 
tion 

The plate is lelt in the lixin^' solution tor a short time 
alter the yellow color nas eiitirelv ilisa[)pc'ared tnuu the 
lihr. : then it is waslu'd thorouii'hlv until e\et v trace ol the 
hvpo is removed. Soakinj^,' for Ncveral hours in clear cool 
water, fuijuentlv chane;eil, is eifictive in removint;' the 
hypo. Tlu' permanence ot the iiep,iti\e depend'- on this 
washing'. I'he nep^atives >houhi he placed on .i rack to 
drv, in a cool place. Iree from tlust. 

The hvtlrochinon di'veloper i'- larpelv used, ano pives 
^ood 'satisfaction. With this, the devilopiueiit of the plati' 
can he as easih controlled as with l lu' p\ ro. and it has the 
advantage ot not staininp' the tinc:ers to an\ p;reat ('\tent. 
An under-expo'-edi plate u hii h is hevond saving,' w it h t lu‘ 
pvro devi, loper can he hi'oiSLtht out h\ a lonp treatment 
with hvdrochiui m. 

The tormula toi' Carhuti’'- ludriK hinon develo|)er is a*; 
follows : 




1 1 v<lrochinon to p^rains. 

Crvstalli/ed sulphite so<la 50 

Distilled water 500 


B. 


Carbonate potash ipure 25 p^niins. 

Distilled water 200 “ 


A and B should he ini.xed in eipial volumes. The (pian- 
tities here iriven make a very small amount of solution. It 
is advisable to make a much larger (piantity. loir normal 
exposures this fleveloper shouhl be reduced somewhat with 
water. I'or undcr-exjiosed plates it may be used at full 
strerif^th. Development shouhl be carried on in the same 
manner as with pvro; it shouhl, however, proceed further. 
The developer is saved, as it may be u.sed repeatedly, work- 
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ing a little slower each time. Old dev^eloper may be used 
for over-exposed plates and for lantern slides. Fine effects 
may be obtained by beginning the development with strong 
liydrochinon and finishing with the old, weaker solution, or 
this order may be reversed. The ])lates are washed and 
fixed as beffirc described. 'I'he developer should be kept ^n 
well-corked bottles in a dark, cool place. 

If a negative lacks density in the high lights, it may be 
intensified with bichloride of mercury and ammonia or silver 
cyanide ; but if it is over-exposed, intensification will not 
help it. The negative may be intensified at any time after 
the final washing, even after it has been dried, but if dry, it 
shoukl be soaked in water for a few minutes before intensi- 
fying. 

.\n ounce of bichloride of inerciirv in a cpiart of water 
constitutes the intc-nsitsing solution. In this immerse the 
negative, laicking it gently until it is of a light straw color 
all through. It is then rinsed thorouglilv. 

.\fter the negative is tlioroughh' washed it is placed in a 
‘-olution ol water and ammonia i 1 drachm strong ammonia 
to a pint of wateri, or in the siKcr evanide, where it is al- 
lowed to remain until it i> blackened thi’ough the film. It 
is then washed thoroughly. 

Lantern slide plates measure 3'.. . 4 inches They are 

made of much thinner glass than the ordinarv negati\e 
jilates. If negatives are not of the projier size tor lantern 
slides, thev mav be printed in the camera. 

For contact prints the negative is laid in the printing 
frame face up, and a lantern slide jilate is laid face ilown on 
this. A piece of black j),iper is then placed over the back 
of the lantern slide plate, and the back ot the printing frame 
is put on and fastened. Fhe exposure is made either by 
davlight or bv artificial light, the latter being i)reicrred. The 
plate is exposed bv holding the printing Irame about one 
loot from the light. Very weak negatives may be held at a 
distance of five or six feet, but the time ot exposure must be 
very much increased. The lime exposure is from two or 
three to thirtv seconds when a five-loot gas burner is used 
at a distance of one loot. 
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All lantern slitle [>!ates are slow, and admit of the use of 
oran<>e lii>;ht in the tlark room. A j^ood tleveloper lor this 
purpose is a weak hydrochinon solution. The ima^e should 
begin to appear in from three to five minutes, and should be 
completely developed in filteen minutes. Over-exposure is 
liable to veil the high lights, and while the slide may be 
handsome to look at, it will be worthless for projection. 
The high lights in a slide should be peiiectly transparent. 
With a negative having clear shadows and a dense sky, care 
sluiuld be taken not to print too heavily, for while the high 
lights will be clear, other parts will be dark and without 
detail. Aft-.r i.levelopment is completed, the plate is rinsed 
thoroughlv and fixed in hy[)o as alieuly described. The 
fixing solution should be fresh and t lean. When the fixing 
is com[)lelc, the plate is waslied I horoughl\- and fniallv 
swabbed with wet eorton wool, .\lter the prints are dry 
thev are coated with tliin C()llodion by flowing it evcnlv over 
the plate, 'fhe slides are covered with thiti ghiss of the 
same size. Worthless negative and positive |)lates niti\' 1)C 
cleanerl with very dilute fiydrolluoric ;icid, and used as 
slide covers. .\ mat is interp.)sed between the print ;md 
the cover, and the two glasses are bound together with ad- 
hesive paper cut into one-haff or thre.- eighths inch st ri])s. 
A small lab(.l >h(tidd be placcfl on thelowerleft hand corner 
of the slide to serve as a guide in jaitting it into the lantern. 

I’klNTlNt;. 

Few amateurs find profit in preparing their own paper 
for printing. And as various good ready sensitized papers 
arc found in the market accompanied with full directions for 
toning, we will confine our.selves to the gcdatino-chloride 
paper, which is easilv worked, fhe back of the negative is 
cleaned bi fore jn'inting, tlie negative is placed face u|) in the 
printing frame, and a piece of [rtiper is placed face down 
upon it. TIk‘ back <if tlie frame is put on, and tlie paper is 
exposed tlirough the negative to the sunlight. Wh.ak nega- 
tives should be printcrl in the shade. A cover of tissue 
paper jilticerl over the printing frame during printing pre- 
serves details. With a goorl negative of a landsca])e, for 
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example, the printing slumlcl he continued until it is a few 
shades darker than recpiired in the hnished print. 

It is advisable to trim all prints before toning. The 
trimming may be done on a glass plate, using a glass trim- 
ming form to guide the knife. Prints should be carefully 
kept from the light until tfiey arc toned. They should be 
toned within two or three days from the time of printing-j- 
the sooner, the better. The prints are thoroughly washed 
in eight or ten waters until the free silver is washed out and 
the water is clear, before they are placed in the toning 
solution. 

Formulas of several toning baths are given below: 

For Purple or Black Tones. 

Chloride of gold 2 grains. 

Bicarbonate of soda S to 16 

Water . ih ounce;'. 

I'or purple tones the smaller cpiantity of bicarbonate 
soda is used; for black tones, the larger (piantity. This 
solution should be made up an hour before use, and not 
kept in stock. 


lu'r Deep Brozon Tones. 


Chloride of gold 1 grain. 

.Sodium acetate 20 

Water to ounces. 


Make up several hours before use. 

In either case use enough solution to till the pan. About 
one grain of gold is used for each 20 x 24 sheet of paper. If 
the jirints tone too slowly, the S(*lution must be slightly 
strengthened. Only a few prints are put into the bath at a 
time, and the}- are kc-pt in motion until the red disappears 
and they are a little darker than they should appear when 
finished. Prints may have a bluish tinge, or the color may 
run into a [)urple. .V print when undertoned is red. The 
art of toning can be learned onlv bv practice. After toning, 
the prints are placed in water for a time. The solution 
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made according to the last formula should be filtered, and 
kept in a dark place for future use. 

The fixing bath consists of : 


Water i jnnt. 

Sodium h^’posulphite 4 ounces. 


The hypo should he dissolved before the totiing begins. 
The prints niny nil be put into the li vj)o at the same time — 
not more than two sheets of paper to each j)int of .solution. 
They should be turned and moved about eontinuallv. The 
time required for fixing will be from tdteen to twenty 
minutes. I'lie hvpo reddens aiul fades prints which have 
been onlv partially toned or ])rinte(l too light. riie color ot 
all prints is rendered lighter bv the hvpo. Alter fixing, the 
prints must be thoroughly washed for an hour in running 
water or in several waters and allowed to soak for a consid- 
erable time, sav half an hour between the washings. The 
permanence ot the' print de])ends u|>oa this washing. 

riie prints when complete! v waslu'd, and while; still wet, 
may be sepieegeed. 


A I’DCKl I CXMKKA. 

No cepiipment for a tour or a summe-r’s vacation is now 
complete without a pliotograohic oudit lor making instan- 
taneous memoranda of scenes and objects met with iq)on 
the road, on the river or lake, or in the [)ictures(iue nooks of 
mountain and valko'. The principal trouble with photo- 
gra[)hv in these days is not with the plates and chemicals, as 
of old. but with the more or less eumbersome camera and 
accessories, which must be ever present with the artist. 

If large pictures are desired, a large camera and tripod 
of corresponding size will, of course, be rcijuired. To 
these must be adfled a complement of plate holders if a 
number of pictures are to be made in a short time. Some 
of the recently devised cameras are very portable, and in 
every way desirable. The writer adds to the list an instru- 
ment which differs in some resjiects from others. The prin- 
cipal feature is the plate-changing device, which is quite 
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simple and admits of the use of flexible bags for holding the 
plates before and after exposure. The bags — which hold 
one plate each — arc made of the stout black paper known in 
the trade as leatherette. Kacli bag has a very thin covering 
of leather, such as is used by bookbinders on very light 
work, and around the m(*uth of the brig is glued a band 0/ 


Ffc. 318. 



A Pocket Camera. 


thin, tough pasteboard. The bags are made over a wooden 
form. A dozen Idled bags occupy very little more room 
than the plates in the original package, riie light is ex- 
cluded, and the ])latcs are held in the bags bv folding over 
the top, as shown in tlie engraving. I'iach bag is provided 
with a rubber band extending around it lengthwise, to pre- 
vent it from unfolding. * 
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In the present case, the plate holder proper is made of 
brass and fitted to the camera box, from which it is never 
removed, except in case of some disarrangement of the 
interior parts of the camera. The holder consists of a flat 
sheath, made of suitable size to readily admit the plate, and 
provided with an opening in the front side, of the size of 
the field of the lens. 'I'liis opening is surrounded by a flange 
which fits light-tight into the camera box. 

Two light bowed springs, n, are soldered to the back of 
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the sheath, and tend to press the plate forward to bring the 
film into the focal ])lane. 

The end of the sheath, which projects iij)ward above the 
top of the camera box, is of suitable size to be received in 
the stiffened ends of the bags, and a channel is formed 
around the end of the sheath near its up})cr end by solder- 
ing an angled strip of brass around the mouth of the sheath, 
as shown Fig. 319. Into this channel the stiffened end of the 
bag IS inserted before it is unfolded. The channel is black- 
ened, so that when the end of the bag is inserted in it, no 
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light can enter. Now, by straightening the bag and shaking 
the camera, the i)late contained by the bag will be made to 
fall into the holder. The bag can now be folded against the 
back of the holder and held there by one of the elastic 
bands extending over the top and under the bottom of the 
box. The removal of the plate from the camera is simply 
the reverse of what has just been described ; that is, the bag 
is unfolded, and the camera being inverted, the phate i^ 
dropped into the bag, when the bag is again folded and 
removed from the holder. 

The shutter of this little camera is both simple and effec- 
tive. It admits of instantaneous and time exposures, and 
can readily be adjusted to any recpiired s{)eed without open- 
ing the eamcra box. 

The shutter consists of a light metallic disk, A, provided 
with a central boss arranged to turn on a stud projecting 
from a plate secured to the inner surface of the front of the 
box. A stout but fine cord, is attached by one end to a 
small loop soldered to the face of the shutter and wound 
once around the boss of the shutter ; the remaining end 
passes through a hole in the end of the spring, c. A screw, 
d, passes through the top of the camera, through a slot in 
the spring, r, the nut being fitted to the slot of the spring 
and provided with shoulders which support the spring. By 
turning the screw, d, the spring miiy be made to turn the 
shutter with more or less rapidity, as may be required. .V 
cord, r, inserted in an eye on the boss of the shutter and 
wound in a direction opposite that of the cord, b, passes out 
through a hole in the box and serves tf) set the shutter. 

The shutter is provided with two small studs, /\g, the 
stud, y, being arranged near the \>eriphery of the disk, in 
position to be engaged bv the spring eatcb, //, when the shut- 
ter is drawn around by the cord, <•, prei)aratory to making an 
instantaneous exj)osure. The stud, g, is placed in such a 
position relative to the catch, //', that its engagement with the 
catch will hold the shutter open, or with its opening, /, coin- 
cident with the opening of the tube, as indicated in (.lotted 
lines. 

The catch, // , is ju'ovided with a wire arm, j\ which 
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extends behind the catch, //, in such a way as to allow the 
catch, h\ to move a short distance before releasing the 
catch, //. Each catch is provided with a stud which pro- 
jects through the camera box and prcvsses against the 
leather covering, forming two small convex projections, I, in. 
When an instantaneous exposure is desired, the shutter is 
released by pressing the projection. /. When a time expo- 
sure is to be made, the button, ///. is pressed. This opera- 
tion first throws the catch, //', into the path of the stud, 
g, then releases the stud, /', allowing the shutter to turn 
until the stud, g, strikes the catch, //. This will arrest the 
shutter in an open position. When the catch, //,' is released, 
the shutter closes. For time ex])osures the camera box 
may be ])laced on any convenient support. 

For instantaneous exjiosures, the camera mav be held in 
the hand. One desiring to make a camera ol this kind, and 
having the proper facilities, coidd substitute a toothed sec- 
tor and pinion tor the slmttc'r boss and the cortls used in 
operating it. 

'I'he camera lens is of the splierical, wide angle kind, 
with a fixed focus for all distances from five feet upward. 

The camera box is l inclics det*]) and 3.I inches square, 
outside measurement. The camera was designed especially 
as a tourist's companion tor taking lantern views, and it has 
served its [)ur[)ose very well indeed. 

SIMPI.I-; i'ir()i'{)(;k M’itic .wo I'lio'ro-.MicKoijRAi’iiic 

Al’I'Ak \ i t s. 

While first class ])hotogiai)hic instruments can be made 
only by makers having the greate.st skill and large experi- 
ence, an ordinary camera that will serve the pur})oses of 
the amateur may be made by the amateur himself with the 
expenditure of an insignificant sum for materials. 

Nos. I to 12, Plate V'., show a camera tube, box, and 
tripod, the materials of which cost less than a dollar. The 
consti'uction is within the range of any one having a little 
mechanical abilitj’. The camera is intended for 4 by 5 |)Iates, 
therefore the size of the plate holder and the focal length of 
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the tube will determine the size of the camera box. To 
avoid turning the camera or plate hohler, the box is made 
S(|uare, and the inside dimensions oi the plate holder arc- 
such as to permit of placin'^ the plate either horizontally or 
vertically, according to the sul)ject to be ))hoto^raphed. 
The plate holder is inches scpiare inside, and is provided 
with a wo(Klen back of sufficient thickness to support the 
hooks employed for hoIdin<r the plate. 1'here are four, 
V-shaped wire hooks, a, at the bottom of the holder, two 
lor receivin'^ the end edi^e of the ])late, and two farther 
apart, and arranj^ed hiirher u|), for receivintj the side ed^^e 
of the plate; and near the to|) of the holder there are three 
Z-shaped hooks, a, one in the center for eng^af^in^ the end 
edge ol the plate, and one near each side of the holder for 
receiving the side edge of the plate. 'I'he top (d the frame 
is slotted, and the sides ami bottom arc grooved to receive 
the slide, which covers the plate before and after exposure. 
To the under surface of the upper p-art of the frame of the 
plate holder is attached a looped strip of elastic black cloth, 
such as broadcloth or beaver, which closes over the slot of 
the plate holder, as shown at lo, Plate V., when the slide is 
withdrawn, and thus shuts out the light. The interior oi 
the plate holder, as well as the slide, should be made dead 
black, by a])])lying a varnish made by adding three or four 
drops of shellac varnish to one ounce of alcohol, and stirring 
in lampblack until the required blackness is secured. 

The main frame of the camera b(>x is made square, and 
is secured at right angles to the base board. The frame is 
provided with a narrow bead or ledge that will enter the 
front of the plate holder and exclude the light. 

To the front of the frame are secured four trapezoidal 
pieces of pasteboard, of the form and size given at 6 . These 
pieces of pasteboard arc secured to each other and to the 
camera bo.x frame by tape, glued on as shown. If the box is 
made of junk board, it may be nailed together with wire nails. 
In this manner a pyramidal box is formed which is strong, 
light, and comj)act. In the smaller end of the box is fitted 
the beveled, centrally apertured block shown at 7 , The 
apeiture of this block must be made to fit the camera tube 




metal. Paper answers well, and costs nothing'. The internal 
diameter of the tube is determined bv the diameter of the 
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lenses. Ordinary meniscus s[>ect,acle lenses of eight inch 
focus are employed. I'hese lenses are secured in place 
by paper rings, shown at 3, the inner rings being glued in 
place, the outer ones being made removable for convenience 
in cleaning the lenses. TliC lenses are arranged with their 
convex sides outward; the distance between them is O 
inches, and in one side of the tube, half way between the 
lenses, is made a slot to receive the diaphragms, as shown at 
I and 2. Upon each side of the slot, within the tube, are 
secured flat rings, shown at 4, which together form a 
guide for the diaphragms, as shown at 2 Plate V. 

The tube is adjusted at the proper focal distance from 
the plate by temporarily securing at the back of the box a 
piece of ground glass or tracing paper, in exactly the same 
plane as that occuj)ied by the plate in the plate holder. The 
tube is then moved back and forth until a focus is obtained 
which shows the image fairly sharp throughout the field. In 
arranging for a fixed focus, it is perhaps best to favor the 
foreground rather than the distance. The tube should 
move with sufficient friction to prevent it from being easily 
dis])lacccl. By using a small diaphragm, it will be found 
unnecessary to focus each object separately. 

At 12, Plate V.. is shown a combination of cheap lenses, 
which is effective for portraits and for other classes of work 
in which focusing is admissible. It consists of two meniscus 
lenses, each of 8^ inches focus, having their convex sides 
arranged outwardly and a plano-concave lens, 16 inches focus, 
arranged with its concave side against the concave side of 
the outer lens of the system. The plano-concave and the 
rear meniscus lenses are arranged i.l inches apart. Dia- 
phragms may be used as in the other case, and a box about 
8 inches deep will be required. 

The tripod is formed of a triangular centrally apertured 
board, to which are hinged three tapering wooden legs, by 
means of ordinary butt hinges, as shown at ii, Plate V. 
The base of the camera box is secured to the tripod by 
means of an ordinary thumb screw. 

This outfit will enable the amateur to cultivate his tastes, 
and learn much about photography. Dry plates \vill, of 
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course, be used. 1 bey are jn'ocurable almost anywhere, 
and are inexpensive. .Vs to the treatment of plates after 
exposure, and printiiii^ and toninsj, tlie reader is referred to 
the first article in this chapter and to the works on pho- 
toj^raphv. 

The amateur who po.ssesses one of the microscopes 
already described mav arrange it for pro|ection, and may 
insert the end of the micu)scope tube in the camera box 
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Microscope and Camera arranged for Fhoto-Micrography. 


above described, after removing the tube, and project the 
image of the microscopic object on the sensitive ])late, and 
thus produce good negatives of the objects, from which 
prints may be made which will be interesting both to the 
operator and his friends. 

The eyepiece of the microscope referred to is a very 
good (objective for jdioto-micrography. Although special 
objectives arc made for this purj)ose, almost any good object- 
ive will produce a good negative. In photographing micro- 
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scopic objects, it will be necessary to employ a focusing 
ground glass, and to focus very carefully by the aid of a 
magnifier. 

Slow plates are preferable for this use, as they bring out 
the detail much better than fast plates. The time of expos- 
ure will vary with the object, from fifteen .seconds to us 
many minutes. In s<mie ca-ses the time extends tr) hours. 

Fig. 320 shows the arrangement of the lantern, the micro 
scope, and the camera box. It will be noticed that the 
annular space in the end of the camera box around the 
microscope tube is stopped by a l)lack; cloth wound loosely 
around the microsco})e tube. This and other precautions 
are necessary for preventing the light from reaching the 
plate except through the object and the microscope.* 


i)A(;ri;i<Ri:<) I’NiA'. 

A G L: E R R rot P\' . ait h o u g h 
one of the most notable inventions 
of the jiresent century, is already 
obsolete. It is nearly lorgotten by 
those who practiced it, and is not 
preserved in all its details in the 
literature of photography, it is 

undoubtedly safe to say that u 

•/ 

very small proportion of profes- 
sional photographers, and a stiU 
smaller proportion of amateurs, 
have any practical knowledge of 
the subject. It will be remembered that 
Niepce and Daguerre sought indepen- 
dently of each other for a method of jiro- 
ducing sun pictures. Niepce at first em- 
ployed plates coated with bitumen. lie 
formed a partnership with Daguerre in 1829, but died 
before the invention now known as daguerreotypy was 
perfected. 

After the death of Niepce, Daguerre improved the art 

* For full information upon this subject, the reader is referred to 
“ Photo-Micrograplis and How to Make Them, ’ by George M. Stcrnlierg. 
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to such an extent that Niepce's son allowed it to g’o under 
its present name. 15 oth inventors received annuities from 
the government for giving the invention to the public. 

In this country the art was first practiced by Morse, and 
was improved bv Draper s<.)on after it was introduced here. 

Daguerrcoty})y was very simj>lc, easilv understood, and 
■easily managed, and was learned by many who found it a 
light business, requiring little capital and returning large 
profits. 

The plates employed were copper faced with silver. The 
metal was hard-rolled, and the plates, as received from the 

Fn.. 321. 



Scourinjf the Plate. 

manufacturers, svere flat and (piite .smooth, Init m)t polished. 
The first step toward the preparation ol tiie ])late for use 
was to clip the corners and turn down the edges slightly, in 
a machine designed for the [)urpose, to bring the sharp 
edges (A the plate out of reach of the buff employed in 
producing the necessar\- ])olis>i. 

The plate was held, hn* .set^uring, in a block having clips 
on diagonally opposite corners for engaging the corners of 
the j)late. One of the clips was made adjustable, to admit 
of readily changing the plates. The block was mounted 
pivotally on a su{>port clamped to the table, as shown in 
Fig. 321. 
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The scouring was effected by sprinkling on the plate the 
finest rottcnstone from a bottle having a thin muslin cover 
over its mouth, and the rottcnstone as well as the square of 
Canton flannel with which it was applied was moistened 
with dilute alcohol. The center of the Canton flannel 
square was then clasped between two of the fingers, and 
moved round and round with a gyratory motion until the 
plate acquired a fine dead-smooth surface. The last traces 
of rottcnstone were removed by means of a clean square of 
flannel. The plate was then transferred to a block mounted 
(jn a swinging support, and buffed by the vigorous applica- 
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Buffi 


tion of a straioflit or curved hand buff formed of a board 
about four inches wide and thirty inches long, padded with 
four or five thicknesses of Canton flannel, and covered with 
buckskin charged with the finest rouge. Scnqjulous cleanli- 
ness was imperative in every step of the process. 

The buffs were kept clean and dry, when not in use, by 
inclosing them in a sort of vertical tin oven (Fig. which 
was warmed by a small spirit lamp A careful operator 
would prepare a plate having a bright black polish without 
a visible scratch, while an incompetent or careless man 
would fail in this part of the process, and would prepare 
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plates full of transverse grooves and scratches. The beauty 
of the picture depended very much on the careful prepara- 
tion <d the plate. 

Occasionally, a buff Avoidd in some manner I'cceive par- 


FlO. ',2'!. 


The Kutaiy Bulf. 

tides of matter which would cause it to scratch the plate. 
The remedv consisted in scraping the face of the buckskin, 
and ])rushing it thoroughlv with a stiff bristle brush, gen- 




The Coatin,!:r !>ox. 

erally a hair brush devoted especially to this use. The buff 
was then recharged by dusting on rouge from a muslin bag. 

When the rotary buff wheel was adopted, it insured 
rapid wewk, but it was otherwise no improvement over the 
hand buff. At first, the wheels were made cylindrical, but 
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"that incurred the necessity of an objectionable seam or joint 
where the leather lapped. The conical buff wheel (Fig. 323) 
allowed of the use of a whole skin, thereby dispensing with 
the seam. 

After buffing, the plate was taken to the dark room to be 



sensitized. The room had a side window, generally cov- 
ered with yellow tissue paper, for the examination of the 
plate during the process. The room contained two coating 
boxes, one for iodine, the other for bromine. The construc- 
tion of these boxes is clearly shown in Fig. 324, which is a 
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longitudinal section of one of them. The two boxes were 
alike exce{)t in the matter of depth ; the bromine box being 
about twice as deep as the iodine box. 

Each box contained a rectangular glass jar having ground 
edges. In the top of the box was fitted a slide more than 
twice as long as the box. In the under surface of ojie end 
of the slide was fitted a plate of glass, adapted to close the 
top of the jar, and in the opj)osite end of the slide was 
formed an aperture furnished with a rabbet for receiving the 
plate. Upon the top of the slide was arranged a spring- 
pressed board, which held the slide down upon the top of 
the jar. 

On the bottom of the jar of the iodine box were stn wn 
the scales of iodine, and in the bromine box was placed 
quicklime charged with bromine. The bromine was added 
to the lime drop by drop, and the lime occasionally shaken 
until it assumed a bright pink hue bordering on orange. 
The lime was thus prepared in a glass-stoppcreil jar, and 
transferred to the jar of the coating box as needed ; one 
inch being about the depth required in the coating box. 
The polished plate was placed face downward first in the 
slide of the iodine b(.)x and coated bv jnishing m the slide so 
as to bring the ])late over the iodine in the jar. It was there 
exposed to the vapor of iodine until it accpiircd a rich straw 
color, the plate being removed and examined by the light of 
the paper window, and replacecl if necessary t(^ deepen the 
color. The plate was then in a similar manner subjected to 
the fumes of the bromine until it became of a dark orange 
color. It was then returned t(^ the iodine box and further 
coated until it acquired a deej) brownish orange color bor- 
dering on pur})le. Tlie time rcxpiired lor coating the ])late 
dejjended uj)on the tem[)erature of the dark room. The 
process was very rapid in a warm room and quite slo'v in a 
cool room. 

The plate, rendered sensitive to the light by the thin 
layer of bromo-iodide of .silver, was placed in a plate holder, 
and exposed in a camera according to the well known 
method. The time of exposure was much longer than that 
of modern {photography. A great deal depended on the 
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quality of the lenses of the camera. The exposure in the 
best cameras was reasonably short. The old time <^allery, 
with its antiquated camera and fixtures, and the dark room 
with the appurtenances, are faithfully represented in the 



enj^ravings (Tigs. 325 and 326). .Mter exposure, tlie plate 
was taken to another dark room lor development. It was 
placed face tlownward over a flaring iron vessel (Fig. 327I, 
in the bottom of which there was a small cpiantity of pure 
mercurv. The mercury was maintained at a temperature of 
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120 to 130° Fah. by means of a small spirit lamp. The tem- 
perature was measured by a thermometer attached to the 
side of the vessel. The plate was raised occasionally and 
examined by the light of a taper, until the picture was fully 
brought out, when it was removed from the mercury bath 
and fixed.* 

The fixing (Fig. 328) consisted merely in flowing over 
the plate repeatedly a solution of liyposulphite of soda hav- 
ing sufficient strength tt) remove in about half a ixiinute all 
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I)uveh)|iniLf the Plalr. 


the bronio-iodidc oi silver not acted n}n)n by liglit. Tlie 
plate was then ihoroughlv washed, and afterward gilded or 
toned bv pouring upon it a weak solution of chloride of 

* fortunate accident led to the discoverv of the development of the 
photographic impression by means (jf the vapor of mercury. Previous to 
this discovery, the image was brought out b) a long-continued exposure in 
the camera. DaLoierre on one occasion placed some under-exposed plates, 
which were considered useb^ss, in a closet in which there were chemicals. 
Afterward, happening to look at the plates, he was astonished to find an 
image upon them. After taking, one chemical after another from the closet 
until apparently all were removed, the images on his plates were still mys- 
teriously developed. At length he discovered on the floor an overlooked 
dish of mercury, and the mystery was solved. lie ascertained that the 
effects produced by mercury vapor spontaneously given off could be secured 
at will by suitable apparatus. 
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gold and heating it gently by means of a spirit lamp until a 
thin film of gold was deposited upon the plate and the pic- 

Fic. 32S. 



FixirijLT. 

ture attained the desired tone. I'he plate was then washed 
in clean water, and finally dried evenly and quickly over a 
spirit lamp. 

Fit.;. V2(). 
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Gil dint; or Toning. 


This operation added to the strength and beauty of the 
picture, and also served to protect the surface of the plate 
to a threat extent against the action of gases. 
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The finished picture was protected by a cover glass, and 
the edges of the glass and plate were securely sealed by a 
strip of paper attached bv means of an adhesive coating. 

Later on a metallic binding was added, which was called 
the ‘‘‘preserver." The pictures thus mounted were fitted 
to cases and frames which were more or less elaborate, 
varying in cost from a few cents to manv dollars. Many 
daguerreolvpes were inserted in gold lockets and charms, 
and occasionally they were fitted to linger rings made to 
receive them. 
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CHAPTER XVI. 
m.\(;ni:tism. 

Nature furnishes penuaneut magnets “ready made," the 
lodestone heiusjj an examj)le of such a inaijnet. She is able* 
to induce nia_<rnetisni in mag-netic bodies, the earth itself 
being the great magnet by which the induction effects are 
secured, ft is to the directive force of this great magnet 
that the comjjass owes its value. 

The magnetism of the lodestone is duc\ doubtless, to a 
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MALHietism by Induction from the Earth. 


long exposure to the inductive inHucncc of the earth’s mag- 
netism. Any body of magnetic material becomes tempora- 
rily magnetized to some extent when placed in the magnetic 
meridian parallel with the dipping needle, and if it be a body 
like soft iron, without coercive force, it loses its magnetism 
when arranged at right angles to this position in the same 
plane. This may Ije sliown Iw [)lacing a rod of well-annealed 
wrought iron in the magnetic meridian in an inclined posi- 
tion, with the lower end toward the north, as indicated in 
the dotted lines in Fig. 330, with its upper end in elose 
proximity to the end of a compass needle. The needle will 
be instantly deflected, showing that the rod has become 
magnetic. When turned in the plane of the magnetic incri- 
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dian to a position at right angles to its former position, it 
will lose its magnetism and will not repel the needle. By 
placing a bar of hardened steel in the magnetic meridian 
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Development of Maijnetism by Ti^rsion. 


and striking it several blows on the end witli a hammer, 
it becomes permanently magnetic, not strongly, but suffi- 
ciently to exhibit polarity when presented to a magnetic 
needle. 

By twisting a rod of soft iron having one of its ends in 



Ma>?netization of Bars. M.if(netization of U-Shaped Bars. 

proximity to a magnetic needle, it is shown by the deflec- 
tion of the needle that magnetism is developed by torsion 
(Fig. 331). By this and similar experiments it may be 
shown that stress and compression favor magnetization. 
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Artificial maj^ncts arc j^rodiiccd by the contact of hard- 
ened steel with nuif^nets or by means of the voltaic current. 
The latter is the more effective method, provided a strong 
current and a suitable helix or electro-magnet is available. 
F(jr the magnetization of bars of steel a helix like that shcAvn 
in Fig- 332 is needed. Its size and the amount of current 
reciuired will, of course, dej)end upon the size of the bar to 
be magnetized, hor all bars up to v inch diametei, a helix 
g inch in internal diameter, 2 inches external diameter, and 
2 h inches long, made of No. ib magnet wire, is sufficient. 


E'k,. ?34. 



Motion produced by a Permanent Maynet. 


A current from five t)r six cells of plunging bichromate 
battery is retpiired, or in lieu thereof a similar current 

from a dynamt). , 

The bar to be magnetized is hardened at the ends a 

placed in the helix, the current is then applied, and the 
helix is moved from the center of the bar to one end, then to 
the opposite end and back to the center, when the current 
is discontinued, and the bar is removed. If several bars are 
to be magnetized, they may be placed end to end, and passed 
through the coil in succession. The magnetization of U-shaped 
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bars may be accomplished by means ol an elect ro-mag^net 
formed of two coils above described and a suitable soft iron 
core ( Fig. 333). The U-shaped bar is jilaced on the poles of 
the electro-magnet as shown, when the current is sent 
through the C(uls for a sln)rt turn and then interrupted. 
Another method, which is perhajis moi'c effectual, consists 
in drawing the U-shaped bar several times across the poles 
of the electro-magnet. 

In the search for perpetual motion, vain efforts have been 
made to discover a substance which could be interposed 
between the magnet and its armature, and removed without 
the expenditure of power, and which would intercept the 
lines of force, so as to allow the armature to be alternately 
drawn forward and released, hut no such sid)stancc has ever 


Fic.. 3 ;,?. 



rM'fcct nt the Arniduirt^. 


been discovered. The lines of loi'ce may 1 h‘ intercepted by 
a ]date of soft iron placed between the magnet and its arma- 
ture, but it reejuires more power to introduce the plate into 
the magnetic held, and withdraw it therefrom, than can be 
recovered from the armature, h ig. 334 illustrates an ex- 
periment showing how motion may be produced by the 
force of a j)ermanent magnet. An armature is suspended 
by threads in the field of a ])ermanent magnet. The mag- 
net attracts the armature, slightly deflecting its suspension 
from a true vertical line. The introduction of a soft iron 
plate between the magnet and its armature intercepts the 
lines of force, thus releasing the armature, when it swings 
back under the influence of gravity. If at this instant 
the iron plate is withdrawn, the magnet again acts upon the 
armature, drawdng it forw'ard. Another introduction of the 



MA(;.\K'risM. 


351 


iron plutc into the field aj^ain releases the armature, when it 
swings back, this time a little farther than before. By mov- 
ing the iron plate in this manner svnchronouslv with the 
oscillations of the armature, this mav be made to swing 
through a large arc. 

When a piece of soft iron is placed in direct cfmtact with 
the poles of a permanent magnet, the magnetic force is 
nearly all concentrated upon the soft iron, so that there is* 
very little free magnetism in the vicinity of the poles of the 
magnet. This may be readily shown by arranging a If-mag- 


Fic 331) 



Pc'rm.inont M.i^iiet ami H.ir ni.tgiiulizfd t)> Induction. 


net j)arallel with the magnetic meridian, placing in front of 
and near the poles of the magnet a comipass so adjusted with 
reference to the poles as to cause the needle to rest at right 
angles to the magnetic meridian, then applying to the poles 
of the magnet a massive armature. It will be found that the 
needle, under these conditions, immediately tends to assume 
its normal position, showing that the power of the magnet 
over the needle has been, to a great extent, neutralized. By 
rolling a cylindrical armature along the arms (d the U-mag- 
net, as shown in Fig. 335, it is found that as the armature 
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recedes from the poles of the magnet the influence of the 
magnet upon the compass needle is increased, while the 
movement of the armature in the opposite direction dimin- 
ishes the power of the magnet over the needle. 

In Fig. 336 is illustrated an example of temporary mag- 
netization by induction, and of the effect of a permanent 
magnet on the iron so magnetized, showing ihat the iron bar 
inductively magnetized acts like a permanently magnetized 
needle. The sott iron bar is treely suspended, and receives 
its magnetism from the fixed magnet. The end of the sus- 
pended bar adjacent to f lie N pole ol the magnet becomes 
S. as may be shown by presenting to it tlie Sjiole of another 
permanent magnet. The .S end of the swinging bar will be 
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Ncutralizin<> Effect of an Opposiiii» Pole. 


immediately repelled. 11 the .S end of the jiermanent mag- 
net be presented to the opposite end of the suspended bar, 
the reverse of what has been described Avill take place, i. c., 
that end of the bar will he attracted, showing that its polar- 
ity is N. 

In Fig. 337 is illustrated an experiment showing the 
neutral effect produced by induction from two dissimilar 
magnetic poles. A bar of soft iron is arranged near, but 
not in contact with, the pole (say the N pole) of a magnet, so 
that it becomes magnetized by induction to such an extent as 
to support a nail. The N pole of the magnet produces .S 
polarity in the end of the soft iron bar adjacent to it and N 
polarity in the opposite end. The S end of another per- 
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manent magnet presented to the same end of the iron bar 
will produce exactly the opposite effect in the bar, and will, 
therefore, neutralize the magnetism induced in the bar by 
the first magnet, and cause the nail to drop. 

A similar effect is produced when the iron bar is in actual 


Fu;. 338. 



Neutral Point between Unlike Poles, 


•contact with the N pole of a magnet and the S pole of another 
magnet is brought into contact with the opposite end of the 
bar, as shown in Fig. 338. The nail will adhere to the bar 
when either magnet alone is in eontaet with the bar; but 
when dissimilar poles are In'oiight into contact with oppo- 
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Consequent Pole. 


site ends of the bar, its middle portion becomes neutral, and 
is no longer able to support the nail. 

When like magnetic poles are presented to the ends of the 
iron bar, as in Fig. 339, a strong consequent pole is devel- 
oped in the center of the bar, which is of the same name as 
.that of the ends of the magnets touching the bar. 
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MAGNETIC CURVES. 

A great deal may be learned about the properties of 
magnets by causing them to delineate their own character- 
istics. The common method of doing this is to form mag- 
netic curves by dusting iron filings on a glass plate, then 
iarring the plate to cause the particles to arrange them- 
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The Formation of Magnetic Curves. 


selves parallel with the lines of force extending from the 
magnetic poles. Tnc figures thus formed are not, of course, 
entirely autographic; and as they tend to develop in lines, 
they convey the erroneous idea that the lines of force, as 
spoken of in connection with magnets, are really separate 
lines or streams of force. 

There is no way of exactly representing the magnetic 
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field of force by forms or figures, but the annexed engrav- 
ings serve to illustrate a method of forming and fixing 
curves which has some advantages over the method refer- 
red to above. The magnetic particles fall in the positioa 
in which they are to remain, and no jarring is required. 

To make a flat plate for lantern projection or individual 
use, a plate of glass flowed with spirit varnish is laid upon 
the magnet, and iron dust reduced from the sulphate, or fine 
filings, (m dust from a lathe or planer, is applied by means of 
a small magnet in the manner indicated in Fig. 340. The 
small magnet in this case C(msists of two magnetized carpet 
needles inserted in a cork, with unlike projecting poles 
arranged about one-quarter of an inch apart. A little of the 
iron dust is taken up on the small magnet, and the slightly 
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Magnetic Curves in Relief. 


adhering particles arc shaken off. The remaining portion 
is then disengaged from the small magnet by rapping the 
magnet with a pencil, the small magnet being held above 
the poles of the larger one. The particles having been pol- 
arized by the small magnet, arrange themselves in the 
proper position while falling. Several applications of the 
iron dust will be required to complete the figure. Of 
course the iron must be applied before the varnish dries, 
and the plate should be allowed to remain on the magnet 
until dry. 

To make the curves in relief, as shown in Fig. 341, a 
slightly different method is employed. I'he glass plate is 
warmed, coated with paraffine, and allowed to cool. It is 
then placed on the magnet, and proceeded with as in the 
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other case. With care the curves can be built up to a con- 
siderable height, especially if the larger magnet be a strong 
one. Iron filings or turnings of medium fineness are 
required in this case. 

When the curves have assumed the desired proportions, 
a few very fine shreds of j^araffinc, scraped from a j)araffine 
block or candle, are deposited very gently on the curves, 
and melted by holding above them a hot shovel. More 
shreds are then added and tine hot shovel is again applied, 
and so on until the mass of iron filings is saturated with 
paraffine, when it is allowed to cool. The plate to which 
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Arborescent Magnetic Figures. 


the filings are now attached may be removed from the mag- 
net after having applied the armature, if it be a permanent 
magnet, or after interrupting the current, if it be an electro- 
magnet, when the curves will retain their position. 

The arborescent figures shown in Fig. 342 are built upon 
a cap of brass, which incloses the poles of the magnet sepa- 
rately. The magnet in this case is arranged with its poles 
downward. The fixing of these curves is somewhat diffi- 
cult, on account of being obliged to work under the plate, 
but it can be accomplished by proceeding in the manner 
described. Instead of the hot shovel, an alcohol lamp or 
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Bunsen burner is used in this case for melting the paraffine, 

but considerable care is required to prevent the iron dust 

from burning. T h e figure 

when cool may be removed 

from the magnet and pre- ^ 

served. /Wa 


I'LCJATIXG MAGNE'IS. 




The ordinary magnetic J > 

fish, ducks, geese, boats, etc., ^ 

arc examples of ^floatin,!^^ 

and repulsion of the magnet. 

The little bar magnet accom- 
panying these toys serves as a Floating Magnetic Figures. 

wand for assembling or dispersing the floating figures: or 
it may serve, in the hands of tlie juvenile experimenter, as 
a baited fish hook. 

F'O 344 ' 




Floating Magnetic Figures. 



Mayer J Floating Needles. 


Prof. A. M. Mayer has devised an arrangement of float- 
ing magnetic needles which beautifully exhibits the mutual 
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repulsion of similarly magnetized bodies. A number of 
strongly magnetized carpet needles arc inserted in small 
corks, as shown in Fig. 344. 

When floated, these needles arrange themselves in sym- 
Fig. 345. metrical groups, the forms of the groups 
varying with the number of needles. 

One pole on a bar magnet held over the 
center of a vessel containing the floating 
needles will disperse the needles, while the 
other pole will draw them together. 

ROLLING ARMATURE AND MAGNETIC TOP. 
The rolling armature applied ti) a 1 )ng 
Fig. 346. 



Magnet and Roll- 
ing Armature. 



Magnetic Top. 


U-magnet exhibits the persistency with which an armature 
adheres to a magnet. The wheel on the cylindric arma- 
ture acquires momentum in rolling down the arms of the 
magnet which carries it across the polar extremities and up 
the other side (Fig. 345). 

A very pretty modification of this toy has recently been 
devised. It consists of a top with a magnetic spindle and 
straight and curved iron wires (Fig. 346). The top is spun 
by the thumb and fingers in the usual way, and one of the 
wires is placed against the side of the point of the spindle. 
The friction of the spindle causes the wire to shoot back and 
forth with a very curious shuttle motion. The point of the 
top rolls first along one side of the wire and then along the 
other side. 
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CHAPTER XVII. 

FRICTIONAL ELECTRICITY. 

Many different views have been entertained regarding 
the nature of electricity, but notwithstanding the multipli- 
city of electrical inventions and discoveries and their numer- 
ous practical applications, the problem of the real nature of 
electricity remains unsolved. Recent experiments, however, 
have shown quite conclusively that electricity, like light, 
heat, and sound, is a phenomenon of wave motion. Laws 
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Attraction and Repulsion of Pith Balls by an Electrified Rod. 

governing its various manifestations have been discovered, 
so that, knowing the conditions of its production and use, 
results can be determined with certainty. 

Electricity is evoked from bodies by friction, pressure, 
chemical action, and other causes. A glass rod or stick of 
sealing wax rubbed with dry silk or flannel becomes electri- 
fied, so that when it is held over bits of paper or small pith 
balls, as shown in Fig. 347, these will leap at once to the 
glass or sealing wax, and after a brief contact they will be 
repelled, to be again attracted and repelled, and so on. 

It is a matter of indifference whether the rod be of glass 
or sealing wax ; the result is the same. It is easy to deter- 
mine by a very simple experiment that the electrification of 
the glass rod differs from that of the sealing wax. A pith 
ball is suspended by a silk thread from an insulating stand- 
ard, and when an electrified glass rod is brought near the 
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pith ball, the latter is iminccliatclv attracted, and after a 
brief contact is repcllcil. 

The attraction of the pith ball by the electrified c^lass is 
due to the electrification of the ball in tlie opposite sense by 
induction from the “ lass rod. 

Bodies oppositely electrified mutually attract each other. 
When the pith ball touches the glass rod, its former charge 
of electricity becomes neutralized, and it receives a charge 
by conduction which is like that of the glass rod. The two 
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bodies being now similarly electrified, the pith ball is 
repelled. Bodies having like charges of electricity mutu- 
ally repel each other. Now, while the pith ball is charged 
with electricity received by conduction from the glass, if an 
electrified stick of sealing wax be brought near the pith 
ball, the latter will be at once attracted by the former, thus 
showing the electrification of the two bodies to be different. 

Two glass rods delicately suspended by silk threads, and 
electrified, will repel each other. 

Two sticks of scaling wax treated in like manner will act 
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toward each other in the same way; but if one of the elec- 
trified glass rods be brought near one of the electrified 
sticks of scaling wax, there will be; mutual attraction. 

These two manifestations of electricity were originally 
called vitreous and resinous cleclricity, in consequence of 
being developed respectively ujion glass and resin. Now, 
however, that which is evoked from glass is known as posi- 
tive electricity, and that from resin as negative electricily, 


but these are merely con- 
venient conventional names 
given to opposite phases of 
the same thing. 

An electroscope is an in- 
strument for determining the 
jiresencc and kind of electri- 
city. 

The electroscope in its 
simplest form is shown in Fig. 
349. It is far more sensitive 
than the electrical pendulum, 
and may be used in many in- 
structive' experiments. 

It consists of a small flask 
or bottle, through the stopper 
of which is inserted a brass 
wire hav ing at its upper end 
a metal ball and at its lower 
end a hook bent out horizon- 
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Electroscope. 


tally to receive two strips of very thin metal leaf, either 
Dutch-metal leaf, silver or gt^ld leaf, or aluminum leaf, the 
latter on account of its extreme lightness being jweferable. 
The strips, which arc three-eighths inch wide and two 
inches long, arc fastened to the top of the wire hook by 
means of gum or even salivm alone. 

To determine when a body is electrified, present it to the 
ball. If the leaves mutually repel each other and diverge, 
electricity is i)rescnt. \ slight touch of a glass rod, a rub- 
ber comb or ruler, or a wooden ruler, upon the clothing or 
carpet, or even up n a wooden surface, develops electricity 
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in sufficient quantities to affect the electroscope. Very little 
friction is required to evoke a perceptible amount of elec- 
tricity. One movement of the clothes brush upon the 
clothes or carpet affects the electroscope from a long dis- 
tance. A feather duster brushed once over a varnished 
chair will cause the leaves of the electroscope to diverge at 
a distance of eight to ten feet, the effect in this case being 
produced by electrical induction, more fully described later 
on. An ordinary elastic rubber band drawn across the edge 
of the desk develops sufficient electricity to widely diverge 


Fig. 350. 



Experiment with Electroscope. 

the leaves. The rubber band affords a curious example of 
the distribution of electricity on an extensible surface. If 
after electrification the rubber band is held over the electro- 
scope, and alternately elongated and allowed to contract, 
the leaves of the electroscope will be seen to converge when 
the band is stretched, and to diverge when the band con- 
tracts. 

If a piece of paper, folded like a fan and well dried, is 
struck several times with a dry silk handkerchief or woolen 
•cloth, and afterward alternately closed and opened over the 
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•electroscope, as shown in Fig. 350, the reverse of what 
occurred in the case of the rubber band will happen. That 
is, when the paper is stretched out the leaves will diverge, 
and when it is closed up they will fall together, showing 
that in the latter case the electricity is masked. 

There are many other interesting experiments that may 
be tried with the electroscope in connection with simple 
objects that may be found anywhere. 

A toy exhibiting some of the phenomena of frictional 
electricity is shown in Fig. 351. It has received the name 
of Ano-Kato. It is a flaring box lined with tin foil, covered 

Fig. 351. 



Ano-Kato. 


•with a piece of ordinary window glass, and containing fig- 
ures made of pith. 

By rubbing the glass with a leather pad charged with 
bisulphide of tin, the electrical equilibrium is disturbed, 
and the figures are attracted and repelled, and made to go 
through all sorts of gymnastics. 

An interesting example of the mutual repulsion of simi- 
larly electrified bodies is shown in Fig. 352. 

For the experiment illustrated, the rubber strips were 
seventeen feet long. 

A manufacturer in handling some of the rubber threads 
xised in making suspenders and other elastic webs noticed 
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that the threads at times repelled each other. The repul- 
sion \vas naturally attributed tv) electriiication, and the 
experiment illustrated was at once suggested. The elastic 
rubber strips used in the experiment were suspended from 
the ceiling in one of the apartments of the Scicntijic Amcri- 



can office, and were electrified by simply brushing them over 
with a feather duster. The threads became more and more 
divergent as the electrification proceeded, until it finally 
became impossible to approach the threads without becom- 
ing entangled in them. 


Mutual Repulsion of Electrified Tl' reads, 
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U[)on f^atherin^r all of the free ends iA the threads to- 
g'cther, the repulsion (A the threads at their mid-length 
caused them to separate widely. When once electrified, in 
a dry day, the threads retain the charge for hours. They 
are discharged by connecting them with the ground thremgh 
the body, and drawing them through the hand. 

When the mercury in a barometer tube is agitated, the 
friction of the mercury on the glass generates electricity 
and j)roduces effects which arc visible in the dark. 


Fig. 353. 



Self-exciting Geissler Tube. 


The self-exciting vacuum tube, shown in Fig. 353, oper- 
ates in the same manner. The electrical effect is produced 
by the friction of mercury on the inner surfaces of the vacu- 
ous glass tube, as the tube is inverted or shaken. The tube 
is ingeniously contrived to prevent breakage by the falling 
of the mercury against the end of the tube, and at the same 
time to increase the effectiveness of the device by arranging 
two tubes concentrically, the inner tube being beaded, and 
provided with little knobs for breaking the fall of the mer- 
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great success, some of the buoys having been designed to 
carry six months’ supply of gas and to serve as lightships. 

ELECTRICAL MACHINES. 

The simplest machine for supplying electricity in small 
quantities is the electrophorus, invented by Volta. It con- 
sists of two parts, one being a vulcanite disk secured to 
a metallic sole plate, the other a metallic cover plate pro- 
vided with a handle of hard rubber or other insulating 
material. 

■ Eir.. 355, 



Electrophorus. 

To secure the best results, the vulcanite disk and metal 
'Cover plate should be warmed, dried, and freed from dust. 
The vulcanite disk is rubbed with a j)iece of warm flannel or 
a cat skin, when it becomes charged with negative electri- 
city. The cover plate is then placed on the vulcanite disk. 
The negative electricity of the vulcanite disk acts induc- 
tively upon the cover, positive electricity being attracted to 
the lower side of the cover, while negative electricity is 
repelled to the upper side. By tf)uching the upper side of 
the cover while it is still in contact with the vulcanite disk, 
■the negative electricity will pass from the cover through the 
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body of the operator to the ground, and only jjositive elec- 
tricity will be retained by the cover. If now the cover be 
raised from the vulcanite disk by means of the insulating 
handle, a spark may be drawn from it. This is due to the 
combination of the positive charge on the cover with the 
negative induced in the hand by this charge. 

The cover may be replaced upon the vulcanite disk, and 
the operation may be repeated indefinitely, when the condi- 
tions are favorable, without further excitation. Instead of a 
vulcanite disk, a cake formed of resin, shellac, and a small 


Fig. 356. 



Winter's Electrical Machine. 


proportion of Venice turpentine may be used. The mate- 
rials are melted, thoroughly mixed, and poured into a circular 
tin pan. The cake thus formed is allowed to remain in the 
pan, and is used in the same manner as the vulcanite disk. 

Winter of Vienna devised a simple frictional electrical 
machine, an inexpensive form of which is shown in Fig. 356. 
In the top of the cast iron standard is journaled a shaft having 
at one end a crank by which it may be turned, and furnished 
at the opposite end with a pair of collars between which is 
clamped a vulcanite disk. In a socket at the base of the 
standard is inserted a forked bar of wood which extends 
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upwardly and embraces the vulcanite disk, each arm of the 
fork bein<( provided on its inner face with a silk or woolen 
cushion charg'cd with bisulphide of tin and arranged to press 
on the disk. Upon a vulcanite column rising from the base 
board near the edge of the disk is supported a metallic ball, 



to which are attached metallic rings arranged on opposite 
sides of the vulcanite disk, and provided with a number of 
short points projecting inwardly. To the forked wooden 
bar is attached one edge of a segmental silk case, which 
incloses a portion of the disk between the cushions and the 
collector. 
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When the machine is turned in a right-handed direction, 
electricity is generated by the friction between tlie cushions 
and the disk, and the ncgativ'c electricity is carried along to 
the collecting points, where it is drawn off and accumulated 
upon the ball. The positive electricity cscai)es to the ground 
through the rubbers and tlie l)ase. If the rubbers were 
insulated, positive electricity could be taken from them by 
connecting the insulated Ixill with the ground. Themaclrfne 
will yield a spark having a length equal to about one-sixth 
of the diameter of the disk. 

The Wimshurst electrical machine is the most recent, and 
on some accounts it is the best that has been devised. It is 
less affected by atmospheric conditions, and maybe relied on 
in all weathers for results of some kind, u Idle the frictional 
machines and the induction machines of I loltz and Toepler 
generally fail in a (lamj) atmosphere. 

The Wimshurst machine here shown differs from the 
ordinary type, mainly in having the rotary disks inclosed by 
a hoop, and glass cover disks to cxxlndc dust anti moisture, 
the stationary disks being provided with brushes which are 
connected electrically by strips of tin foil secured to the 
inner faces of the outer disks by means t)f shellac. 

This machine is shown in perspective in Fig. 356^?. Fig. 
357 is a vertical section taken through the center of the 
disks, and Fig. 358 is an enlarged horizontal section taken 
on the line of the collectors. 

The column supporting the revolving disks is provided 
with a hollow arm in which is journaled a tubular shaft, 
upon one end of which is mountod a disk of common win- 
dow glass between two collars, the glass being centrally 
apertured'^' to receive the shaft, the outer collar being 
screwed on. 

The op{)osite end of the tqbular shaft is provided with a 
grooved pldle3^ A solid shaft placed within the tubular 
shaft, and projecting beyond the ends thereof, carries upon 
one end a glass disk, and upon the other a grooved pulley, 
as in the first case. The glass disks arc separated trom each 
other about ta inch. They are both coated with shellac var- 

* For hints on pcrforatiiifr glass, see cliapter on mechanical operations. 
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nish and allowed to dry. To each glass disk near its peri- 
phery arc secured sixteen radial sector plates of tin foil f)r 
thin brass, arranged at equal angular distances apart. These 
sectors are coated on one side with shellac varnish and 
allowed to dry, Avhen they are placed in position on the 
varnished glass disks, varnished side down, and secured by 
rubbing each one quickly with a warm, smooth iron, 

A drawing should be made of a glass disk with the sec- 
tors to be placed under the disks as a guide in locating the 


Figs. 357 and 358. 



Sectional Views of Modified Wimshurst Machine. 


sectors. Brass sectors are preferable on account of their 
superior wearing qualities. 

The glass disks are placed on their respective shafts with 
the sectors outward. A ring of vulcanite surrounds the 
glass disks and is grooved internally to receive the station- 
ary glass disks, which irrclose the rotary ones. The vulcan- 
ite ring is divided at the top and bottom to allow of apply- 
ing it to the stationary plates. The rear plate is centrally 
apertured to admit the tubular support of the shafts. The 
vulcanite ring is provided, at the top and bottom, where it is 
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divided, with vulcanite dowels, and is supported \)y attaeVv- 
ment at the bottom to the base board, and at the tcjp to a 
wooden rod projectinj^ from the upj)er end of the column. 

In diametrically opposite sides of the vulcanite ring, 
and on a level with the axis of the disks, are inserted brass 
rods, provided on their inner ends with metallic forks, the 
arms of which extend along the outer surfaces of the rotary 
disks and are jirovided with collecting jioints, as shown irf 
Fig- 35'^- The outer ends of the brass rods are furnished 
with knobs into which are 
inserted the supports of 
the discharge rods or con- 
ductors. The latter are 
provided with vulcanite 
handles by which they 
may be moved in these 
supports as may be re- 
quired. 

The stationary glass 
disks arc each provided 
on their inner faces at dia- 
metrically opposite points 
with small metallic sockets, 
attached to the glass with 
cement, and containing 
brushes of tinsel or very 
fine brass wire, which 
touch the rotary disks 
lightly. The brushes of 
each pair are connected 

by a narrow strip of tin foil attached to the glass. The 
stationary glass disks may be turned in the vulcanite ring 
to adjust the brushes at the required angle, which is about 
45' with the plane of the collecting forks. 

One of the rotary disks is driven by a straight belt, the 
other by a crossed belt, both belts being carried by a doubly 
grooved wheel fixed to a shaft journaled in a standard 
attached to the base. This shaft is furnished with a crank, 
by which it is turned. 


Fig. 359 
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To secure ^^ood results small Leyden jars or condensers 
must be connected with the conductors, as shown in Fig. 
359. To the bottom of each jar is attached a small chain. 
1 hese chains are brought into contact when a detonating 
discharge is desired, and separated lor a silent discharge. 

The machine is self-exciting and yields sparks varying in 
length from one-fourth to nearly one-half of the radius of the 
rotary disks, according to the state of the atmosphere and 
the condition of the machine. 

The machine illustrated has 12-inch rotary disks and 14- 
inch stationary disks. 

j 

Mr. Wimshurst has constructed the diagram (Fig. 360) 

which shows the distribu- 
tion of the electricity upon 
the })late surfaces when the 
machine is fully excited. 
The inner circle of signs 
corresponds with the elec- 
tricity upon the fi'ont sur- 
face of the disk. The two 
circles of signs between 
the two black I'ings refer 
to the electricity between 
the disks, while the outer 
circle of signs corresponds 
with the electricity upon 
the outer surface of the 
back disk. The inventor found by experiment that when 
two disks made of a flexible material were drieen in one 
direction, they close together at the top and the bottom, 
while in the horizontal diameter they arc repelled. When 
driven in the reverse direction, the opposite action takes 
place. 


Fig. 360. 



Distribution of Electricity upon 
the Plates. 


EXPERIMENTS Wr:H THE INDUC'ITOX MACHINE. 

The appearance of the spark when the two conductors are 
separated only a short distance is shown in Fig. 361. It leaps 
in a straight line from one electrode to another. When the 
distance between the electrodes is greater, the spark takes a 
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zigzag course, as shown in Fig. 362 ; and when a very long 
space separates the electrodes, the appearance of the dis- 


Fig. ^ 66 . 




















Lengthening the bpark. 


charge is as illustrated in Fig. 363. In Fig. 364 the dis- 
charge (jf positive electricity to a ])oint is exhibited, and 

Fig. 367. 
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arranged for the silent discharge. I he niultlplt- aj)[>tarar C 
of the small spark oi the silent discharga-. when the diS. 
charge rods are near together, is slunvii in Hg. 

The report of the discnarge is increased when a rubber 


plate is held between the rods, as in Fig. 366, the spark 
jumping over the edge of the rubber through an increased 
distance. Thick cardboard placed in this position is readily 
perforated, and the spark will pass through a pamphlet onei 
fourth inch thick. 

Fig. 367 shows a glass plate eight inches square, furnished 
with a coating of finely divided metal. It is covered with a 


Fig. 368. 



Diversion of the Discharjre by Moisture. 


coat of thick shellac varnish or other suitable cement, and is 
thickly sprinkled with brass or iron filings before the varnish 
begins to dry. When the varnish is thoroughly dry, a band 
of tin foil is pasted across opposite ends of the glass. When 
^ opposite ends of this plate are connected with the conduc- 
tors of the machine by a wire or otherwise, the discharge 
takes various courses over the filings, and when the machine 
is arranged for the silent discharge, the brilliancy of the spark 
is diminished, while the rapidity of the discharge is greatly 
increased. 

The support shown in Fig. 367 is convenient for exhibit- 
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ing this class of experiments. It consists of a thick plate 
of glass supported in a slightly inclined position by 
two wooden feet. Two knobs furnished with large 
flanges are cemented to the glass near its lower edge. The 

Fio. 369. 



Glow at the Positive Collector. 

knobs are sufficiently long to receive a tube or anything of 
that nature which it is desired to exhibit. 

To conveniently connect the luminous panes with the 
machine, two U-shaped springs may be clasped on the edges 

Fig. 370. 



Glow at the Negative Collector. 

of the glass, and connected with the machine by large wires. 
Unless chains with soldered links can be procured, wires or 
rods with rounded ends are preferable for making electrical 
connections, as chains afford numerous points for escape of 
electricity. 
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A case of the diversion of the electric discharge by ex- 
-ceedingly slight causes is illustrated by Fig. 368. I'he end 
of a vulcanite ])late is moistened and placed against the ends 
of the conductors, and moved along so as to make a trac- 
ing of the moisture along the surface of the rubber. The 
discharge will follow tliese lines of moisture, however slight 
they may be, in preference to traversing the shorter route 
between the two conductors. 

As to experiments possible with tlie induction machine, 
they are endless. The machine itself presents a weird and 

Fig. 371. 



Effect of the Hand on the Discharaie. 


interesting appearance in the dark. From the positive col- 
lector a luminous brush extends from each point, as shown 
in Fig. 369, while on the points of the negative collector 
only stars or luminous points are seen, as represented in 
Fijf- 370 - Besides these effects the inductors glow with a 
shimmering light, like the aurora. The brushes of the cross- 
arms are luminous, and all conducting points near the 
machine are aglow with the lambent light. 

When the machine is at rest, if one hand is placed upon 
the negative conductor and the other hand js held a short 
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distance above the positive conductor, as shown in Fig. 371, 
and if an assistant turns the machine, beams of soft purple 
light will radiate from the knob at the end of the discharge 
rod toward the hand. In this experiment the jai's must be 
disconnected. No shock will be experienced during this 
experiment if it is carefully conducted. 

Geissler tubes are best exhibited by placing them 
between the jars, allowing them to nearly touch the outer 

Fig. 3;2. 



coating of the jars. fFig. 3 / 2 .) The conductors should be 
placed one-fourth inch apart, and the machine adjusted for 
the silent discharge. Care should be taken in the use of 
tubes having long, sinuous passages, such as twisted or spiral 
tubes and the like, as they are very liable to be ruptured by 
the spark. When such tubes are used, the rods must be as 
near together as possible without destroying the effect. 

Another method of exhibiting Geissler tubes is to hold 
them in the hand parallel with the face of the revolving 

Fig. 373. 

C ZZSJJ 

Tube with Interrupted Conductor. 

plate, and about three or four inches from the large balls 
through which the discharge rods pass. 

When the electric discharge is over an interrupted con- 
ductor, a bright spark appears at every interruption. Fig. 
373 shows a tube wound spirally with a narrow strip of tin 
foil, cemented to it with starch paste, stratena, or shellac 
varnish. After the cement is thoroughly hard, the tin foil is 
separated at short intervals, say one-quarter inch, with a 
knife or file, leaving a narrow space of about one thirty-sec- 
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ond inch between the sections. This tube may be from 
twelve to eighteen inches long, and for the sake of protec- 
tion may be inclosed in another glass tube. A strip of foil 
should extend from the extremities of the interrupted strip 
over the ends of the outer tube. The inner tube may then 
be stopped with a cork at each end, which is allowed to pro. 
ject a short distance. These corks are rounded at their 
outer ends, and covered with rather thick tin foil, which is 
allowed to extend a short distance over the end of the outer 
tube. This tube, held by one end in the hand and presented 
by its other end to one of the conductors of the machine, 
exhibits a brilliant luminous spiral. The brilliancy of the 
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Franklin’s Plate. 


sparks may be increased by connecting the conductors with 
the ends of the tube. 

By means of a condenser, large quantities of electricity 
may be condensed upon a small surface. 

The various forms of condensers are alike in principle. 
They consist essentially of two insulated conductors sepa- 
rated by a non-conductor. 

The Franklin plate or fulminating pane, shown in Fig. 
374, is the simplest form of condenser. It is made by 
attaching sheets of tin foil to opposite sides of a pane of 
window glass, leaving a space of two inches all around. It 
will be found convenient to support the glass upon two 
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wooden feet, as shown in the engraving. This plate is- 
charged by connecting the tin foil on one side with the 
ground, and that upon the other side wicli one of the con- 
ductors of the machine. It is discharged by touching 
opposite sides vcith a discharger. By connecting opposite 
sides of the plate with the opposite conductors of the 
machine, the plate may be charged so that it will discharge 
over its edges with a loud report. 

The Leyden jar, shown in Fig. 375, is nothing more than 
a fulminating })ane rolled uic It may be made by covering 
a jar over the bottom and about half way up its sides with 

tin foil, and stopping the mouth 
of the bottle with a well var- 
nished cork or wooden stopper, 
through which runs a onc-cighth 
inch wire, having a knob on its 
upj)cr end, anti a piece of chain 
on its lower end resting on the 
tin foil lining. The uncovered 
portions of the glass jar should 
be coated with shellac varnish. 
The jar may be made in various 
sizes, and when the size is so small 
that it is inconvenient to ai)ply 
tin foil to the inside, a little sliellac 
varnish may be [>oured into the 
bottle, and the bottle coated half 
way ujj its sides with the varnish 
bv turning it down upon the side and revolving it. Be- 
fore the varnish begins to dry, a quantity of metal filings 
are poured into the bottle and shaken about. They attach 
themselves to the varnish and form a metallic coating that 
answers a very good purpose. When the varnish dries, the 
surplus filings may be poured out and the bottle may be 
coated with foil on the outside. 

The jar is charged by connecting the (juter coating with 
the ground or with one of the conductors of the machine, 
and connecting the ball with the other conductor ; and it is 
discharged by touching the ball and the outer coating of the 
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Leyden Jar. 
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jar with opposite ends of a jointed discharger. The measur- 
ing jar, shown in Fig. 376, is similar to the jar just described, 
the only difference being the addition of a curved wire 
having a ball on its lower end, and a support for the wire 
attached to the vertical discharge wire of the jar. The ball 
of the additional wire may be placed a greater or less 
distance from the outer coating of the jar. It is (jbvious 
that the jar can never be charged 
to give a spark longer than the 
distance between its f)uter coating 
and the ball. 

The disruptive effect of the 
spark can be readily exhibited by 
partly filling a glass bottle ( Fig. 377) 
with kerosene, olive, or lard oil, 
and inserting through the cork a 
curved wire pointed at its lower 
end and provided with a ball at 
its upper end. The pointed end of 
the wire should be very near the 
inner surface of the glass, and the 
ball at the top should be connected 
with one of the conductors of the 
machine. The other conductor 
should be placed opposite the point 
of the wire and near the side of 
the bottle. 

When the machine is turned, 
the sparks will perforate the glass, 
and will continue to pass through 
until the pointed wire is turned to Measunn^r jar. 
a new j)lace in the bottle, when another hole will be made. 
The holes made by the spark are so small that the oil will 
pass through very slowly, if at all. 

Fig. 378 shows a chime of bells operated by the elec- 
tric discharge. The three bells are suspended from a wire 
cross arm, which is attached to one of the conductors of the 
machine or to an insulated support connected with the 
machine. The two outer bells are suspended with chains. 
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Fig, 377. 



Disruptive Effect of the 
Dischartie 


the middle one with a silk cord. 
Two small metal buttons are sus- 
pended by silk threads half way 
between the outer bells and the 
middle one, and tiie middle bell is 
provided with a chain which rests 
on the table. 

When the machine is turned, 
the suspended buttons arc attracted 
to the outer bells, and after be- 
coming' charged with electricity 
are repelled by the outer bells and 
attracted toward the middle one. 
After parting with their charge 
they are again attracted by the 
outer bells, again repelled, and so 
on. If the bells arc connected 
with the ball of a Leyden jar, and 
the chain from the middle bell is 


connected with the outer coating of the jar, a slow dis- 
charge of the jar will take place. The time occupied in 
the discharge may be prolonged by fastening up one of 
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the buttons so that it will not swinj^. The electric fly, shown 
in Fig. 379, illustrates the effect of the electric discharge 
from points. The fly consists of a piece of metal having a 
slight depression in the center to receive the pivotal point 
on which it turns, and having a num- 
ber f)f wire arms, pointed at their 
outer ends and all bent in the same 
direction. VVlien the pivot of the 
fly is connected with the inachiiu!, the 
fly revolves in a direction opposite 
to tliat of the points. The motion is 
owing to a re{)ulsion between the 
electricity of the points and the elec- 
tricity imparted to the adjacent air 
by conduction. 

Fig. 3.S0 shows a fly mounted (.jn 
a horizontal a.vis, the latter being 
placed on two inclined wires having 
feet resting on a pane of glass. On 
connecting the incline with the 
machine, the fly will revolve and ascend the inclined plane 
in op[)osition to gravity’. When electricity escaj)es from a 
point, the electrified air is repelled so strongly as to blow 
out a candle. 

Fk;. 3S0. 



Fig. 379. 



The Electric Fly. 


For various experiments with the electrical machine and 
with Leyden jars a jointed discharger is required. A sim- 
ple and inexpensive ond is shown in Fig. 381. It consists of 
two wires bent one around the other to form a joint, and 
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bent out nearly parallel in one direction to receive vulcanite 
handles, while the opposite extremities are curved and pro- 
vided Avith balls at the ends. 

In many experiments in static electricity the wires must 

Fk;. 3Si. 



terminate in balls, to prevent escape and to secure the 
desired form of spark. It is a matter of considerable labor 
to make a lar^e number of metal balls on the lathe. Balls 
which will answer every purpose mav be cast directly upon 
the wires by using an old-fashioned bullet mould with a hole 


Fig. 3S2. 



drilled in the bottom to receive the wire upon which the 
ball is cast. Type metal is e.xcellent for this purpose, but 
lead will answer very well. An alloy of tin and antimony 
makes a very fine ball, having the appearance of silver. 

In a certain class of experiments the universal discharger 
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is convenient if not absolutely necessary. A cheap and sim- 
ple form of this instrument is shown in Fig. 382. It consists 
of a pane of glass a foot long and six inches high, supported 
on wooden feet. Upon the upper edge in the center there is a 
glass table supported by two wooden brackets cemented tc; 
both glasses. Upon opposite corners of the upright glass 
there are two curved wires bent into the form of a spring 
in the middle to clasp the glass, and having at their upp*er 
ends balls and at their lower ends rings to receive the con- 
ductors which connect the discharger with the machine. 
By means of this instrmuent the electric discharge mav be 
made to pass through or over any substance placed on the 
glass table. 

FiU. 383. 



The simplest method Of making an insulating stool for 
supporting a person while being charged with electricity is 
shown in Fig. 383. It consists oi a board resting on four 
common tumblers. An insulated spherical conductor is 
shown in Fig. 384. It may be made of any thin metal or it 
may consist of a pasteboard or wooden ball covered smoothly 
with tinfoil. This sphere is jircvided with lateral arms ter- 
minating in knobs, and is supported upon a glass standard in- 
serted in a wooden base. Fig. 385 shows a cylindrical conduc- 
tor about four inches in diameter and twenty inches long. It 
has rounded ends, and is supported on a glass standard at 
the same height as the spherical conductor. With these 
two conductors the phenomena of static induction may be 
exhibited. In each end of the cylindrical conductor is inserted 
a standard from which two pith balls arc suspended by silk 



388 


EXrEKlMENTAL SCIENCE. 


threads. A pair of pith balls may also be suspended at the 
center of the conductor. Now, by charging the spherical 
conductor with positive electricity, and bringing it within 
a few inches of one end of the c\dindrical conductor, the 
pith balls at the ends of the latter will diverge, while those 
at the center will remain quiet. Ry testing the charges of 
the conductor, it will be found that the electricity of the 
end of the conductor nearest the sphere is negative, while 
that of the remote end is positive. 


Flii. 3n4. 




The positive charge of the sphere attracts the negative 
electricity of the cylinder and repels the positive, thus dis- 
turbing the equilibrium which existed before the approach 
of the positively charged sphere. On testing the middle 
portion of the cylinder by means of an electroscope, it is 
found to be neutral. 

In Fig. 386 is shown a gas pistol, consisting of a metallic 
tube permanently stopped at one end with insulating 
material, and having a wire inserted in the stopper so that 
it nearly touches one side of the tube. The tube is filled 
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with a mixture of illuminating gas and air, and lightly 
stopped with a cork. 

An electric discharge through the wire and tube 
explodes the charge of gas. Fig. 387 shows a somewhat 



Cylindrical Conductor. 


similar device for exploding gunpowder. It consists of a 
block of wood having a central cavity into which are 
inserted two wires nearly touching. The powder is placed 
in the cavity, and the spark sent through the wires, and in 

Fig. 386. 

Gas Pistol. 

leaping the space between their inner ends, ignites the 
powder. 

Fig. 388 represents a simple apparatus for exhibiting the 
alternate attraction and repulsion of pith balls when placed 
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between two metallic plates connected with opposite con- 
ductors of the machine. To prevent the pith balls from 
flying in all directions, they are confined by the glass jar. 
Four pieces of window glass forming a hollow square may 
replace the jar in this experiment. 



Elfctiic M- liar. 


Gassiot's cascade, shown in Fig. 389, is a beautiful expe- 
riment, but requires an air pump. A goblet coated with tin 
foil in the manner (d a Leyden jar is placed under the tubu- 
lated bell of an air pump ; a rod extends through the bell 
into the goblet, and when the electric discharge takes place 
(the rod and plate of the air pump being in communication 


Fig. 388. Fig. 389. 



Dancing Pith Hulls. GassioFs Cascade. 


with the machine), a cascade of wavy light overflows the 
goblet like a fountain. 

The pith ball electroscope, shown in Fig. 390, consists of a 
rod having at its upper end a ball and at its side a scale, from 
the angle of which is suspended a pith ball on a filament of 
whalebone, d’ho upper »nd of the whalebone is formed 
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into a loop whicli hangs on a delicate piv()t projecting from 
the scale. This instrument placed on a body receiving an 
electric charge Avill indicate roughly the extent of the 
charge. What has been said covers a very small proper 
tion of the experiments possible in static electricity ; but 



Pith Ball Electroscope, 

it is hoped that some of the hints given in regard to the 
construction of the electrical machin.e, and some of the 
apparatus to be used in connection with it, will enable the 
student of electricity to at least begin a course of experi- 
ments which will prove of interest. 



392 


EXPERIMENTAL SCIENCE. 


CHAPTER XVIII. 

1) Y N A M I C El. K C I' R I C 1 T Y. 

GENERATION OF THE ELECTRU’ CURRENT. 

When two tlissimilar inclals. such as pure copper and 
pure zinc, arc placed in contact in acidulated water, evi- 
dences (d' activity immediately appear in the form of a cloud 
ol microsco})ic bubbles constantly risiiii^ to the surface of the 
water. If the metals are iiulividually capable of resisting 
the action of the acid solution, it will be noticed that on sep- 
arating them the action ceases, but it will commence again 
as soon as the metals are brought into contact. The same 
action is luiliced if the two metals are brought into contact 
or connected by a wire above the surface of the acidulated 
water. 

The bubbles are hydrogen resvdting from the dccfimposi- 
tion <j1 the water. Thev escape from the copper, while the 
oxygen resulting from the anal \ sis unites with the zinc, 
forming zinc oxide. 

The copper is scarcely attacked, while the zinc slowdy 
wastes away. If the ware connecting the zinc and copjier 
be cut and the two ends placed on the tongue, a slight but 
jiecuUar biting sensation is experienced, which wall not be 
felt when the w ires are disconnected from the metals. 

A ])iece of paper moistened with a solution of iodide of 
potassium and starch placed between the ends of the wares 
turns browai at this spot, showang that there is here a 
species of energy cajiable of effecting chemical decomposi- 
tion. If a ware joining the copper and zinc is placed parallel 
with and near a delicately suspended magnetic needle, it 
will be found that it is endowed with properties capable 
of affecting the needle in such a manner as to cause it to 
sw’ing and tend to take a position at right angles to the 
wire. This form of energy is dynamic or current electri- 
city, generated in this case by chemical action and confined 
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to and following a continuous conductor, of which the two 
metallic elements and the acid solution form a part, the 
whole comprising a complete electric circuit. 

For the purpose of studying the generation and behav- 
ior of dynamic electricity, the elements referred to may be 
formed into an electric generator or battery, and the mag- 
netic needle and conducting wire may be combined to form 
an electrical indicator or galvanometer, as illustrated in 
Plate VI., which shows convenient apparatus for making 
the primary experiments in dynamic electricity. The glass 
tank or cell is built with special reference to projecting the 
visible manifestations of the phenomena exhibited in the 
cell upon a screen, by means of the lantern, to enable a 
number of persons to observe simultaneously. 

The cell consists of two plates of transparent glass 4 by 
6 inches, separated by a half inch square strip of soft rubber, 
which is cemented to both glasses by means of a cement 
coinp(jsed of equal parts of pitch and gutta percha. The 
cell is nearl}' filled with the exciting liquid, consisting of 
dilute sulphuric acid (acid i part, water 15 parts), in which 
are placed two plates, one consisting of a strip of zinc 
about one-sixteenth of an inch thick, the other })late being 
a strip of copper. 

As commercial zinc is so impure as to be violently 
attacked by the exciting liquid, it is well to dip the zinc 
strip into the solution, and then apply to it a drop or so of 
mercury, which amalgamates the surface and prevents local 
action. 

When these two plates arc brought into contact with 
each other in the exciting liquid, hydrogen gas is given off 
copiously at the copper plate, while the action at the zinc 
j)late is almost unnoticcable. If the plates are connected 
together by a conductor outside of the solution, the same 
phenomenon is observed. 

The plane flat surfaces of the cell offer facilities for the 
examination of the plates by means of the microscope, and 
if so examined it will be found that so long as there is no 
metallic connection between the plates, they will remain 
xmaltered, and no action is discoverable; but when the ci-r- 
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cuit is completed, tlic first visible indication of acti<n\ is the 
sudden whiteniiiij of the copper plate as if it were imst- 
covered: tlie next indication ol action is the formation over 
the entire surface of the jilate of myriads of minute silvery 
bubbles, which ^row until they liecome detached, when they 
rise to the surface and escape into the air. These bubbles 
may be discharged into the mouth of a small test tube, and 
when a sufficient (luantity of gas has accumulated it mav be* 
ignited, sliowing that it. is hydrogen. 

The appearance of the copper plate when the cell is in 
action is shown at 2 greatly magnified. The gas bubbles 
formed on the surface of the copper are at first very minute, 
but they rapidly increase in size and begin to merge one into 
another, taking an ujiward course. When a large bubble 
has absorlied a large number of the smaller bubbles and 
becomes sufficientlv buoyant to overcome its adhesion to 
the plate, it rises to the surface and is lost in the air. 

The bubbles of hydrogen are very bright, appearing and 
acting much like globides of mercury. Often an equatorial 
belt of very small bubbles will be seen surrounding a larger 
one. 

The accumulation ol hydrogen on the copper plate seri- 
ously affects the strength of the current. To ascertain to 
what extent and at what time this happens, a simple galvan- 
ometer, like that shown at i, will be required. This instru- 
ment consists of a common p<)cket compass, a wooden frame 
or spool, and about 20 feet of No. 32 silk-covered copper 
wire. The wood spool (,3) has a recess cut in the toj) at 
either end to leceive tlie compass, which is placed a short 
distance from tlie Hat body of the spool, and the wire is 
wound evenly around the body back and forth until the 
spool is full. I hen the terminals of the wire are eonnected 
with two spiral spi'ings fastened to the ends of the spool 
and forming •‘binding po.sts” for receiving the wires from 
the battery. 

In regard to the adju.stment of the compass, it should be 
arranged AvitU the line marlced N S parallel with the wires 
of the coil, and the instrument should be liu'ned until the 
N S line is exactly under the needle, then a weak current 
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from a constant battery should be sent throuj^h the coil and 
the deflection noted. The current should then be sent in 
the opposite direction, when the needle will be deflected in 
the opposite direction. If the amount of deflection is the 
same in both cases, the galvanometer is in condition for use; 
but if the deflections differ in degree, the compass must be 
turned in its socket until the proper adjustment is secured. 
The only precaution necessary in the construction of this 
insti'ument is to select a compass whose needle is delicately 
poised and vibrates freely. 

B}’ connecting the galvanometer with the cell as indi- 
cated in the engraving, it will be noticed that after a little 
time the galvanometer needle begins to fall back toward o , 
a point which it ultimately reaches if the circuit is kcj)t 
closed; and the shorter the circuit, the sooner the cessa- 
tion of the current. Fhis enfeeblement of the current is 
princi[)allv due to three causes, one of which has already 
been noticed, that is, the accumulation of hydrogen on the 
copper plate. The film of hydrogen not only prevents coir, 
tact between the exciting solution and the jilate, but it actu 
ally renders the surface t(j a certain degree like the zinc 
Another cause of enfeeblement of the current is the reduc- 
tion on the copper, by the hydrogen, of a j)ortion ol the zinc, 
sulphate accumulating in the liejuid. I'his increases the 
similarity of the two plates, ancl con.sc‘(|uently assi.sts in dimi- 
nishing the current. The reduction of the strength of the 
exciting liquid of the cell b}' mixture with zinc sulphate con- 
tributes still further toward the diminuliou ol the current. 
All this results in making the two plates similar in their 
action, and in a consec|uent weakening of the current; but 
this chemical action cannot be avoided, as to secure any 
action in a galvanic cell the e.xciting fluid must be cajiable 
of decomposition. The production of local currents, the 
accumulation of hydrogen on the cf>pper plate, and the 
weakening of the exciting solution are the three great 
causes of inconstancy in batteries. The first may be reme- 
died in a great measure b}' amalgamation ; the remedy for 
the last is obviously the strengthening of the solution, and 
the second, the accumulation of hydrogen on the copper 



DYNAMIC ELF/TRICITV. 


397 


plate, or the polarization of the plate can only be remedied 
by mixing with the exciting liquid s<jme substance, such as 
nitric or chromic acid, which will oxidize the hydrogen as 
fast as it is liberated by oxidation of the zinc, or by brush- 
ing it while in the s<dulion, or by violently agitating the 
exciting solution. The galvanometer needle faithfully indi- 
cates the result of cither treatment. The polarization of 
the electrode may be strikingly exhibited by allowing the 
copper plate to become ])olarized and then replacing the 
zinc with a clean coj)per strij) like the one already polarized. 
The galvanometer needle will De dcllected in the opposite 
direction, showing that tlie jjolarized copper plate acts in 
the same manner as the zinc. Now, by removing the })olar- 
ized co[)per plate and wi{)ing and rei)lacing it, the deflection 
of the needle will be much less, and it will not fall back to o 
until the very slight coating of zinc which has been depo 
sited on the copper is removed from the polarized plate by 
means of emery paper or otherwise. Precisely the .same 
effect is noticed when a newly amalgamated zinc plate is 
opjiosed to an oxidized zinc plate. The oxidized plate in 
this case will act as if it were co])pcr. 

This method of showing the effect of the polarization of 
the copper ))late is conclusive. The phenomenon attributed 
to the {)olarized i)late manifests itself in an unmistakable 
manner in polarizable batteries under the conditions of 
actual use. 

While the entire office performed by the mercury in 
amalgamation is not known with certainty, one of its pur- 
poses is to pfesent tt) the liquid a surface made up of zinc 
and mercury, and these two only. The acid acts on the 
zinc, which is at the same moment not in contact with any 
of the impurities, such as particles of carbon, iron, etc., that 
are diffused throughout the commercial zinc. Local cur- 
rents are thus almost entirely avoided. The object of amal- 
gamation is to prevent local currents as much as pos.sible, 
and to present clean zinc to the liquid for oxidation. Yet, 
in spite of the mercury, local currents exist to some extent, 
and they are often quite as important as other causes in 
decreasing the effective value of the battery. 
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All batteries are more or less defective in operation, and 
require a great deal of care and attention. Many of the 
large uses to which batteries were a[)plied a few years since 
now depend entireh' upon dynamos for current. Neverthe- 
less, batteries have many uses to wliich the dynamo cannot 
be conveniently or economically applied ; such for example 
as working the smaller lines of telegraph, ringing call bells, 
operating indicators, annunciators, etc., and all closed cir- 
cuit Avork where a comparatively small current is used. In 
telephone transmitters, and in o})en circuit work where a 
current is required only at long intervals, the dynamo can- 
not be substituted for batteries. 

Terms such as “electric current,” “electric fluid,’ “flow 
of the current," are based on the assum[)tion that the action 

of dynamic electricity is analogous 
to that of fluids; but as nothing is 
positively known of the nature of 
electricity, these expressions are to 
be considered as purely conven- 
ti('nal. 

sr\( ; le-fl(;ii ) I’.atteries. 

Several of the batteries employ- 
ing only a single exciting fluid arc 
ver}' useful in exjjerimental work, 
and a number ol them arc of great 
Smcc-s Battery. commercially. One of the 

oldest of these batteries is Smec’s, which is illustrated in 
Fig. 391. A wooden strip, W. which rests upon the jar, A, 
supports the })latinized silver plate, S, The zincs, Z, are 
clamped to the sides (tf the strip, W, by a clamp, b, which is 
provided with a binding jtost lor receiving a wire. A bind- 
ing post is akso connected with the silver plate, S. 

The wooden strip, W, is parafhncd, and the zinc plates 
are amalgamated. Tlie liquid generally used to charge the 
cell is I part of sulphuric acid to 10 of water. 

The electro-motive force of the Since battery is I'og volts 
when not in action, when in action it is 0'482 volt. Its inter- 
nal resistance is about i ohm. I’he depolarization of this 
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batter}' is due to the laeility with which the hydrogen is 
detached from the rough surface of the platinized silver 
plate. The .Since battery has been used largely in tele- 
graphy and electro-metallurgy. 

The Grenet battery (Fig. 392) is a very good form of 
experimental battery where constancy of current is not 
required, as, for example, in the laboratory and mechanical 
work rooms. The cell is in the form of a bottle, and con-, 
tains a solution formed by adding one part of sulphuric 
acid to five parts of a saturated solution of bichromate of 
potash in water. The top is provided 
with a brass frame, to which is fastened 
a vulcanite cover; to this are attached 
two carbon jilates, that dip perman- 
entlv into the fluid ; and between them 
a zinc plate is suspended by a rod, t)\- 
means of which it may be plunged into 
the fluid or withdrawn at pleasure. 

When the zinc is withdrawn, the action 
ceases. This batterv gives a poweriui 
current for a short time, but it rapid! v 
])olarizes. The length of time during 
which the fluid will retain its power 
depends on the use that is made of the 
batterv. 

Fiki- 303 represents an inexpensive 
and easily made plunge batterv. which 
is verv convenient for temporarv use. 

Ten tumblers, arranged in two rows of five, are held 
in place by an apertured board suppr)rted a short distance 
above the base board by the round standards. To these 
is fitted a board which is .split from the standards outward, 
and provided with two bolts with wing nuts, b}' which the 
board may be clamped at any desired height. To opposite 
edges of this movable board are clamped six plates of car- 
bon, inches wide, iitch thick, and 6 or 8 inches long. 
The upfrer ends of these jdates ai'e heated and saturated 
with wax or jDai'afhnc, and a copper wii’C is interposed 
between the carbon plate and the edge of the boai'd. The 
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CireiuH Battery, Bottle 
Form. 
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strips of wood by which the carbons are clamped are | inch 
thick. To these wooden strips a?'e secured zinc plates of 
the same dimensions as the carbon plates, by means of 
ordinary wood-screws [)avSsini:;’ through lioles in the zinc 
into the wood. The wires connected with tlie carbons are 
bent over and inserted between the zinc plates and the 
wood, as shown in the en^raviiy*^. That is, the carbon of 
one pair is connected with tlie zinc of the next pair in 
order, and so on throughout the series, and tlie terminal 
plates are connected with the bindiiiii' oosts. 



The zincs are amals^amatcd, and the tumblers are nearly 
filled with the bichromate solution. 

To maintain the am a Incarnation of the zincs, a small quan- 
tity of bisulphate of mercury is added to the bichromate 
solution, say ounce to every quart of solution. 

The tumblers should be as lari^e as can be conveniently 
obtained. Those holdin<^ one pint are not too larj^e. 

The plunq'in.q' battery shown in Fiq'. 394 is a very power- 
ful one, desig^ned for running an electric motor or for sup- 
plying a current to three or four small incandescent lamps. 
The battery consists of eight elements, each formed of two 
6x 10 inch carbon plates ]: inch thick, and one zinc plate of 
the same size, suspended in a cell 34 xy.y inches and 9 inches 
deep. 
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The upper ends of the carbon plates arc paraffined, as 
shown in Fi^. 395, by heatins^^ the ends only and rubbinjj;’ on 
paraffine, allowinj^ it to melt and soak into the pores of the 
plate until a strip about i ' j inches wide across the end of the 



]>late is well filled with jiaraffine. This treatment prevents 
the solution from ascending’ by capillarity and destrojdng 
the connections. 

The ])tates are arranged as shown in F 


ig. 396, the zinc 
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plate being located between two carbon ])latcs and sepa- 
rated from them by strips of paraffined wood j inch thick, 
inches wide, and 8 inches long. The plates and separating 

strij)s arc clamped together 
bv thick strij)s of jjaraffined 
wood arranged uj)on the outer 
side of the carbon plates, and 
bolts, ])referalily of brass', pass- 
ing through the ends of all 
ot the strips. The electrical 
connection with the zinc plate 
is made bv inserting a copper 
strip, a, between the ])late and 
the \v(Mid strip. The connec- 
tion with the carbon plates is made in a similar wav, the 
strip, /», being loojjcd so as to form a contact with both 
plates without touching the zinc. 

Before the elements are 
put together, the zinc plates 
shoidd be carefully amalga- 
mated. This is done by 
tlipping each [date into a jar 
of dilute sul])huric acid (acid 
I })art, water lo jiarts), con- 
taining mercury at the bot- 
tom. As soon as the lower 
end of the plate is coated 
with mercury it may be 
lifted from tlie solution, in- 
verted, and allowed to stand 
until the entire surlacc of 
the plate is [)erfcctly cov- 
ered with mercury. If 
there ai'c portions which 
do not receive the mercury’, 
they arc scra])ed or sand- 
papered and returned to the acid solution, when mercury 
is ajjplicd hrcally. 

If the amalgamation is [rerfcct, the plates will not require 
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Te-amalgamation. An amalgamating solution is made by 
dissolving mercury in nitric acid, then adding water so as 
to make a 10 per cent, solution of the mercury nitrate. A 
zinc plate immersed in the solution becomes amalgamated, 
but the operation requires frequent repetition. The cells 
consist of pine boxes of the size mentioned lined with gutta 
percha. The operation of lining is quite simple, and the 
cell, if well made, is durable. A wooden form is made which 
is the thickness of the gutta percha smaller than the 
boxes. Around the sides and end of this form is wrapped a 
sheet of gutta percha, which is 2 inch A\'ider than the form, 
the edges of tlie sheet being allowed to project beyond 
the form, as shown in Fig. 397. 

Fig. 397. 



Forming the Gutta Percha Liniuij. 

A piece of gutta percha of suitable width and length is 
placed 'upon the form within the projecting edges of the sheet 
already in position. The edges are then warmed suffi- 
ciently to render them adhesive, bv means of a lamp flame 
or by lioldiiig a hot iron near enough to soften the gutta 
percha. The edge is then turned over in the manner illus- 
trated. The fingers should be mtnstened to prevent the 
gutta percha from adhering to them. When the lining is 
complete, it is placed in the wooden box and expanded to 
fit by filling it with warm water. The upper edges of the 
lining should be turned over upon the edge of the box and 
made to adhere by heating. The box should be thoroughly 
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coated with shellac varnish inside and outside, and allowed 
to dry before introducing^ the lining. Eight of thcvse cells 
arc placed in a box having removable sides and a frame 
extending over the top. To the vertical standard of the 
frame is loosel}' fitted a horizontal frame which supports the 
plates of the battery. In the upper part of the fi'amc is 
journaled a shaft [)rovided at op[)osite ends with drums, to 
which are attached chains for liftiim the horizontal frame 
and plates supj.orted thercbv. The shaft is provided with 
a crank by which it mav be turned, and with a ixitchet 
which is engaged by a spring pawl attached to one of the 
standards. 

The copoer stri[)s connected with the zinc plates are 
clamped to the strips extending from the carbon j)lates, and 
the terminal strips arc t)rovided with binding posts for 
i'eceiving conductors, bach set of plates is provided with 
a hook, attached to tlie clami)ing strips bv means of a cro.s.s- 
bar of vulcanite or vulcanized fiber. I'liese hooks are 
designed to be placed on the shaft a hen it is desired to use 
only a [lart of the cells, the unused plates being detached 
from (he others and suspended out of contact with (lie 
solution. On account of tfie difficulty of removing tlic hard 
and almost insoluble ci vstals of chrome-alum formed in 
batteries ernploving a solution of liichromatc of jiotash, a 
bichromate of soda solution is suhstituted. The crystals 
forming in the bichromate of soda solution arc readily 
removed from the cell. 

This solution is made by dissolving bichromate of soda 
in warm water to saturation, allowing it to cool, then slowly 
adding commercial sul[)huric acid to the amount of one- 
fifth of the volume of the bichiomatc solution. As the 
gutta percha lining of the cells melts at a low temperature, 
the solution should be allowed to cool befijre pouring it 
into the cells. 

The j)lates should not be [)lunged int<j the solution to a 
greater depth than is necessary for the production of the 
desired current, and they should always be withdrawn after 
use. The electro-motive force oi this battery is i6‘0 volts,, 
and the maximum curre nt is 4 amperes. 



DYNAMIC ELKCTKICrrY. 


405 


De la Rue’s chloride of silver battery is well adapted for 
electrical testing. Its electro-motive force remains practi- 
cally constant under various conditions. It is shown about 
half size in the sectional view (Fig. 398). 

The top of the tube, A, is closi d by a cork, D. The neg- 
ative pole, C, consists of a cylindrical rod of chemically pure 
zinc supjjorted by the cork stopper, which is perforated to 
receive it. The zinc rod has a hole in the top to allow the 
silver, connecting wire or electrode which goes to the next 
element to be soldered in. 

The positive })ole consists of a cylinder of silver chloride, 
B, having a silver wire or electrode, b, cast into it. This 
chloride rod is usually inclosed in a hollow ,, 

- tlG. 398. 

cylindrical diaphragm of fine jiarchment paper. 

The zinc rod is amalgamated. 

The solution for charging the cell is made 
by dissolving 1 ounce of pure sal-ammoniac 
(ammonium chloride) in one (juart of water. 

The elcctro-motivc force of each element 
is about I’lo volts, and the internal n'sistance 
is about 8 ohms. 

In the- action of tlie cell, pure silver is 
retluced and deposited on the bottom of the 
cell. To prevent short-circuiting, the zinc 
rod is raised al)out tlirce-eighths of an inch 
above the bottom of tlie cell This pure silver 
deposit can be readily converted into chloride of silver, 
which is melted and recast into rods for use, or if preferred 
the pure silver mav be sold. 

This battery is largely used in electro-medical apparatus. 

The Leclanchc battery is one of the best for open circuit 
work. It is, in fact, a distinctively open circuit* batterv. 
So long as the circuit is open there is no action in the cell, 
and as a consequence there is no loss. 

This batterv is shown in its improved form in Figs. 399 
and 400. The carbon plate, which is suspended from the 
cover of the jar, supports two prisms clamped to the plate 

An open circuit is one which is normally without a current, and in 
which the current flows only while the circuit is in use. 
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by elastic rubber bands, as represented in Fi^. 4<X), which 
shows the elements removed from tlic jar. The cover of 
the jar is perforated to receive the amali^amated zinc rod 
which extends down into the solution. 

The prisms consist of 40 parts of g-ranulatcd black oxide 
of manganese, 52 jiarts of granulated carbon, 5 parts of gum 
shellac, and 3 parts of potassium bisulphatc. These ingre- 
dients are mixed, heated to 212 Fahr., and compressed in 

Fni'-. am> 40 (\ 



Lcclanche Battery. 


moulds under a pressure of two tons. A saturated solution 
of sal-ammoniac forms the exciting solution. In the 
Leclanchc battery the hydrogen of the decomposed watet 
unites with the oxygen of the manganese. 

If the solution becomes too much reduced, zinc oxide 
is formed, and the solution becomes milky. When this 
occurs, more sal-ammoniac should be added. This cell has 
a resistance of 5 to 6 ohms, and an electro-motive force of 
I *47 volts. 
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Dr. Carl Gassncr’s jiatcut dry battery is much the same 
in princijde as the Leclanche, but the cxcitin^^ fluid is con- 
tained in a paste, and the zinc element forms the containing 
vessel. Two forms (A the battery arc made, one being cyl- 
indrical, as shown in Fig. 401, the other elliptical, as shown 
in Fig. 402. 

The carbon rod or plate occupies about oiie-half of the 
space in the cell, and the space between the carb(m and the 
cell is filled with the following mixture: 

“Oxide of zinc, i part, by weight; sal-ammoniac, 1 part, 


Fu;. 401. Fu,. 402. 



Dr. Gassncr’s Dry Battery. 


by weight; plaster, 3 parts, by weight; chloride of zinc, i 
part, by weight ; water, 2 parts, by weight. The oxide of 
zinc in this composition loosens and makes it i)orous, and the 
greater porosity thus obtained facilitates the interchange of 
the gases and diminishes the tendency to the polarization 
of the electrodes.” 

The battery works well on an open circuit, and is cleanly 
and portable. 

The caustic potash battery represented in two forms in 
Figs. 403 and 404 is of comparatively receipt inv’-ention. It 
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is adapted to either open or closed circuit work, and will 
operate for several months without replenishing. It has 
been used successfully in electro-plating and in electric 
lighting on a small scale. 

The cell is made of cast iron and serves as one of the 
])lates of the batter}-. It is much heavier than a glass cell, 
but this is compensated for by its non-liability to breakage. 

In the small pattern the iron cell, V, is closed by a rub- 
ber stopper, G, through which j)asses a brass rod, K, pro- 
vided at its upper end with a binding post. F, and carrying 


Fk;, 403. Fig. 404. 



Caustic Potash Battery. 


at its lower end the zinc cylinder, D. A lug, A, on the cell 
is provided with a binding screw for clamping the con- 
ductor, C. The cell is filled with a saturated .solution of 
caustic potash, and upon the bottom of the cell.is distributed 
a (quantity of black oxide of coj)pcr. 

A valve, H, formed of a piece of rubber tubing, is 
in-serted in the stopj>er to admit of the escape of gas. 

The large pattern shown in Fig. 404 is 9 inches in dia- 
meter. It is similar in its construction to the smaller cell. 
The zinc clement in this case is formed of a plate bent spi- 
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rally. It is not necessary to amalgamate the zincs in this 
battery. It is stated that the small cell yields a current of 
2 amperes, while the larger one is capable of yielding 
8 amperes. The E. M. F. is one volt. 

rWO-FLU 1 1 ) D ATTE K I E S. 

The Daniell battery, shcjwn in Fig. 305, is scentless and 
does not evolve any poisonous or disagreeable vapors. ’ 
In this battery, and in several cells derived from it, the 
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Daniell Battery. 


two liquids arc separated by a porous cell of unglazcd clay. 
The glass vessel, G, is tilled with a solution of copper 
sulphate. The porous cell, P C, contains the zinc, Z, which 
is not amalgamated. The curved sheet of copper, C, has 
attached to it a perforated pocket, r, for containing crystals 
of copper sulphate. The jiorous cell may be filled with a 
solution of common salt or water slightly acidulated. 

This battery is especially adapted for closed circuits; it 
is less suitable for open circuits. It has an electro-motive 
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force of about i’0~g volts. This ann)unt varies somewhat 
with the density of the coj)pcr sulphate solution. The 
internal resistanc' of this battery varies considerably with 
the construction. 

In a batterv like that shown in the eiyijravinn', the resist- 
ance is about .} ohm, but this juav run up as hi^h as S or lo 
ohms in some forms. 

In this batterv, as well a^; in the gravity battery, 
described below, an example t)f the most pertect de[)ol- 
arizini^ action is fouml. Here the hvdro_i;en resulting- from 
the action of the dilute acid on the zinc is liberated on the 
surface of the copper plate, where it reduces the sulph de of 

copper, forming sulphuric aeid and 
metallic cop[)er, the latter being 
depositeil on tlie surtaee of the 
copper jilate. So long as sulphate 
of copper is present in the batterv 
this action coiit inues, and the cni- 
ent from the battery remains prae- 
ticailv con>lant. 

Tiie gr.ivitv !)alter\-. wnich i> 
shown in it-. sim[>h'st form in l‘ig. 
4f/i, caiU'-ist'^ ol a glass jar about 8 
in. liigh and <'> in. diarneler, ha\ing 
a /inc easting sus[)ended near the 
tojeand at the bottom three; copper 
plates which are riveted together, the side j)lates being 
bent away Irom the central one as shown. One of the 
plates is provirlcfl with a gutta percha covered wire 
leading out of the jar. About two pounds of sulphate of 
copper arc placed on the bottom of the jar, and enough 
water is jxnircfl in Pj cover the zinc about i inch. After 
standing 24 to 36 hours, the battery is in working condition. 
As the name of this battery indicates, its action is dej)en- 
dent on the se])arati<m of the zinc sulphate, which is formed 
at the to{) of the jar, and the copper sul[)hatc solution, which 
gravitates toward the bottom of the jar. When the two 
soIutif)ns have properly se})arated, the fluid in the lower 
part of the jar will be blue, and that in the upj)cr part will 
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be cdIoHcss and transparent. The zinc should ahvays 
.surniiinded bv the colorless fluid, and as the blue fluid 
decreases in volume, some of the zinc sulphate Violation is 
removed and re])laced by water. 

When the water in the upper portion of the jar becomes 
saturated with zinc sulphate, the suljjhate crystallizes upon 
the zinc |)late, stopping;' the action of the batter;. The ^ 
conductin*; power of a s<iIution of zinc sulphate is f^reater 
when diluted. Part of the solution, therefore, should be 
from time to time removed, .and rej)laced bv water. Undis- 
solved crystals of sulphate of copper >hould always remain 
in the bottom of the jar. .\ny disturbance of the jars when 

Fi'.. 407. 



in use causC" the solutions to mix. tliiis seriouslv affectin" 
the workinj:^ of the battery. The water reciiiires rej)lcnish- 
ins^ occasionally, to conpiensate for evaporation. The action 
of this batterv is the same as that of the naniell. The resist- 
ance varies fi'om two to four ohms. Its electro-motive 
force is tlie .same as that of the Daniell cell. U is used 
largely in tcleiil^raphy. and its electro-motive force is so 
nearly one volt, that it is u.sed in makiiifi' ordinary elec- 
trical measurements. 

In Grove’s batterv the sulphate of copper solution used 
in the Daniell is replacetl by nitric acid, and the copper by 
platinum. By this chansje ijreater electro-motive force is 
ol)tained. Fig. 407 repre.sents one f<irm rtf this batterv. 
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The glass vessel, A, is partly filled with dilute suliihuric 
acid (I part of acid to about lo or 12 parts of water), in 
this vessel is placed an amalgainatcd zinc cylinder, Z, 
which is open at both ends and slit down one siile. In this 
cylinder is placed the porous cell, \ , containing ordinary 
nitric acid. .V plate, I*, of platinum, which is bent in the 
form of an S. is fixed to the porous cell cover, and is im- 
mersed in the nitric acid. The platinum is connected 
with the bimling screw, /c ami there i'' a similar bimling 
screw, ii, on the zinc. 

In this battery the hydrogen which woukl be disengaged 
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f»n the j)latimim decomj)()Ms the nitric amd, lonning hyi )()- 
nitrous acid, wliich isdissohed or is disengaged as nitrous 
fumes. 

The resistance ol the (1! -ye cell is about half ohm. 
Its clectro-moti . e force is volt''. I he action of this 

battery is constant. 

1 he chromic acid battery, shown in h'ig. .joK, is a modi- 
fication ot the Bunsen and is similar to tlu; (iroye in form. 
In this battery an amalgamated zinc cylinder surrounds 
the porous cup, and :i rod of ctirbon replaces the platinum 
foil in the Grove, riie jar is filled with saturated solution 
of common salt, or with sul|)huric acid diluted with 12 parts 
of water. 
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The porous cell is tilled with the bichnjnuite of potash or 
th<‘ bichromate ol s(jda solution previously described. 

When the bichromate ot potash solution is used in the 
porous cell, and a saturated .upjeons soluiion of common 
salt is placed in the jar, t Iv action isasfollows ; The chlorine 
ol the salt unites with tlie /inc. formiiij:; zinc chUjride, ana 
at the carlxm plate the soditim replaces the Indroi^cn of the’ 
sulphuric acid, lormin;^ sodium sulphate. I'he Jia.sc<‘nt livfin >- 
efen reduces the < hromic acid ol tlie solution, producine 
t hnmiiuni ses(juioNidc. 

Tlu- Bunsen batferv dillers from the chromic acid in em- 
plovinij nitiic acid in the porous cell and dilute sulphuric 
acid in the jar. 

Tie.. 4i (). 
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The eleciro-motive torce and resistance of these batte- 
ries are about the same as in the tirove. 

In the h'uller batterv ( l iii;. to<)u the zincs, so long' as they 
Iasi, are permanentlv amalj^amated. In the accompan vini^ 
liijure two ceils are shown. The carbon plate is placed in 
the outer vessel in the bichromate of .soda solution. The 
zinc clement, which is ol the shape shown in the figure, is 
|)laced in a porous cell, into which an ounce of mercury is 
poured, and which is then tilled uj) with water only. The 
addition of this mercury is the essential feature of the bat- 
tery. rhe zinc plate is in this way kept permanently 
amalg^amated so lotig^ as it lasts: the consequence is that not 
only is the internal resistance of the batterv ’nargely dimin- 



414 


EXl'ERI M ENTAL S( ' I ENC E. 


ishcd, but its constancy is to a great extent insured. The 
action, after the battery is charged and the elements are 
connected with each otlier, commences almost immediately, 
and reaches a maximum ii\ the course of a few hours. 

The rod connected with the zinc element reciuires a ]>r«)- 
tecting covering of gutta percha. 

This is an excellent batterv for open circuit work. It 
has an elect i o-motive force ot nearlv two volts, and an 
internal resistance of about two ohne^. 

.MECIIAMI \; 1 Tl- U aKI/A I ION "1 I' l.K( • TlO '! 'ES. 

In all single-tluid batteries polarization necessarilv takes 
place to some extent, whatever precrautions max l)e adopteil 
for its prevention. I'lie means of ilepolarizing single-llniil 
Ijatteries are mechanical, and consist in the .igitation of the 
exciting Iluid bv gravit v. as in the lountain batterx.bx air 
jets, as practiced bv Clrein't and others, bv stirring the tlnid 
bv mechanical means, bv rotating or swinging the elec- 
trode.-', and bv roughening the elect rock-, as in the case of 
■Smee's b itterv. in which the plaiinnm plate is covered with 
a deposit o| tinelv dixided plabn.im. 

In single-llnid b.itteri es p- ilarizat ion max' Ik- greallv 
retarded bv enlarging t!ie ]>iate on v, hich the hvdrogcii 
tends to colU.a t. so as ti> ailord a gn at surlace lor its dissi- 
pation. In tw.)-lluid batti-ries the <!■ polarization i> i fleeted 
!)'• chemical means, and jii-rhaps more pc-rfcctlv in the sul- 
phate of coppc!' batterix’s th;m anv other. 

In all single-fluid batteries the oxidation o| the zinc lib- 
erates hvdrogcn, and this rajiidlv reduces the power of the 
b.ittery in the manner explaineil in the former paper. In 
Smee’s battery the inicroscoj>ic jioints lormed by the rough- 
ened platinum surlace facilitate the escajie of hxflrogen, 
;md in this wav may tend to maintain the jiower of the 
clement. 

In the (irenct battery the carbon jdate c|uickly polarizes, 
rendering the battery unfit for u.ses of nuire than a fexx' 
minutes’ duration. Ho xi'cx'er, the agitation of the exciting 
fluid by the xvifhdraxval and replacement of the zinc restores 
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the buttery to its noniui! stren^^tli. Cireiict a^iuited the 
e*xeilin^ Iluid by means of air biowii in throu,s;ii ;^las'< tubes, 
as shown in I'ij^. 410. This prevents polarization to a ^reat 
extent, and renders tlie batterv verv active. I)r. Bvrne, of 
Brooklyn, adopted this j)lan of depolarization in his battery 
with remarkable results. 

I'i^s. 41 1, 41 and 413 show a jnirelv mechanical ai;iia» 
tor, consist iiii;; of sprini^-actuated stirn-rs, t <nitrollefl by an 
elect ro-majj^net of hi<.(h resistance in shunt around the bat- 
teiw. I'he ma^'net absorl)s' but a 
verv small proportion of the cur- 
ri-nt. and has onlv sufficient 
j»ower to move liie lever con- 
trolling; the spring' motor. 

This motor, which mav be of 
till' clica|ier class, is mounted on 
a base. A. secured to two parallel 
bais, I), c.irrviiii^ the zinc and 
carbon plates, ; i, ol the baltcrx. 

I hese plate’s are placed llat 
aLt'-iinst the bars. B. and scenre'd 
bv screw sand washers. The /iiu" 
oi o!u- I'lemcnt is connee'ted with 
the l arbon of the next bv a wire' 
jKissini;' dia<;a)nallv lhronj.:h the 
bar, a.nd the first zinc and last 
carbon are conneited with the 
binding’ posts at the ends ot tlu- 
bars, B. Crenet Hatterv, with .Air 

riie second shalt in the train TuIks 

of jrcarinw is providetl w ith a crank connecteil by a rod, 
C, with the lever, O. which is lastened to a lock shaft 
:md connected with the b.ir. hi. extending' the whole L'lyi^th 
of the batterv Iietween the zinc and carbon of each ele- 
ment, and carries a series of vertical rods. F. ('! vulcanite, 
one such rod beinj^ located between the zinc and carbon 
jilates of each element. The zinc in one of the elements is 
broken awav in the en<ir;ivin.i;' to show tins rod, and the 
small horizontal sections at tlie top of Fijf. 411 show the 
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position of the rod redative 
G, suj)ports the extremity 
of tlie rod, E. A hig’h re- 
sistance rnaf^net, M, mount- 
ed on the base, A, is con- 
nected with the two binding 
posts of the battery, so as 
to receive a small portion of 
the current. The armature 
attached to the lever, 1, 
wlien drawn against the 
poles of the magnet, brings 
the lever, 1, int(j engage- 
ment with the fan, J, which 
is tlie last element in tiic 
train of gearing composing 
t!ie spring motor. A light 
retractile spring draws the 
lever, I, away from the fan, 
J, and removes the arma- 
ture from the magnet wheti 
the power of the battery is 
reduced to a certain limit. 
The spring motor, being 
tree to act, oscillates the 
rods, F, and by stirring the 
exciting li(|uid disengages 
the hydiogen from the 
[)lates, and brings fresh 
liquid into contact with 
the zinc and carbon and 
restores the strength of the 
battejy, when the armature 
of the magnet, H, will be 
acted upon, bringing the 
lever, I, into engagement 
with the fan, J, and stopping 
the action of the spring me 


the plates. A swinging arm. 



until the current is again 


weakened, when the operation just described will be repeated. 


Plan of Depolarizing Apparatus, 
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In this way the strenijth (»f the battery will be main- 
tained within certain limits, until the licjiiiil is exhausted. 
Ot course this system may be extended sidewise or leiii^th- 
wise as much as may be desired. 

All batteries employ inij mechanical means i)l’ ilepolari- 
zation. with, perhaps, the exception of Smee's, are only 
adapted to uses re(iuirin<j; a very strong current for a lim- 
ited time. 


m;c(im).\i;v I!\i'ikkv. 

Probablv no secimdarv battery can be more readily 
made or more easily manaijed tlian the one invc'Ued by 

Fu;. 413. 



Plates of Secondary Battery. 


Plante. It is, therefore, especially adapted to the wants of 
the amateur who make.s his own apparatus. It takes a 
long'er time to form a l^lante battery than is retjuired for 
tlic formation of some of the batteries havintj plates to 
which the acti\ e material has been applied in the form of a 
paste, and its caj^aeity is not (juite e(|iial to that of more 
recent batteries, but it has flie advantaj^^e of not bcinf^ so 
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liable to injury in unskilled hands and of allowing a more 
rapid discharge without afTecling the active matter. 

Each cell of the battery consists of 16 lead plates, each 
6x7 iiie'lies and inch thick, placed in a glass jar 6x9 
inches, with a depth of 7I inches. Each plate is provided 
with an arm i.j inches wide and of sufficient length to fornj 
the electrical connections. The plates arc cut from sheet 
lead in the manner indicated at 3. in Fig. 413, /. two- 
plates are cut from a sheet of lead 8ixi4 inches. This 
method of cutting effects a saving of material. The plates 
after being cut and flattened are roughened. C)ne way of 
doing this is shown in Fig. 41 3^?. fhe jilate is laid on a 
heavy soft-wood plank, and a {liecc of a double-cut file of 

Fm: 413a 



Kuu.u'huniiii; the Plate, 


inediiim tineness is driven into tlic surface of the lead by 
means of a mallet. To avoid breaking the iile, its temper is 
drawn to a purpit'. After tlie jtlate is roughened on one 
side, it is reversed and treated in the same wav upon the 
o[)po.site side. If a knurl is available, the roughening may 
be accomplished in le.ss time, ami with less effort, by rolling 
the knurl over the plate. Half of the [dates are provided 
with four oblong iierforations into which are insertetl 11- 
shaped distance jiieces of .soft nibber, which jiroject about 
'a inch on etich side of the plate. The perforated and 
imptn forate plates tire arrangetl in tdternation. with all of 
the arms of the perforated pltites eKtending upward at one 
end of the element and all ol the arms of the imperforate 
j>lates similarly tirranged at the opposite end of the element. 
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The plates are clamped together by means of 'rooden strips 
— previously boiled in paraffine — and rubber bands, riic 
strips are placed on opposite sides of the series of i)lates at 
the top and bottom, and the rubber bands extend lenjjth- 
wisc of the strips. 

The arms of each series of plates ai e bent so as to brinij; 
them too^ethcr about 3 or 4 inches al>ove ti e upper edi^cs of 
the j>lates. Thev are perforated to receivi- brass bolts, each 
of which is [)rovidt'd with two nuts, one tor bendini; tlie 
arms, the other h)r clamping; tive conductor. 


t'l.; 414. 



Plates f'onnccicd. 


This element is placed in a e^^lass cell, on paraffined trian- 
gular wood supports, and the formation is pnxjceded with. 

To hasten the jtnxxss, the cell is filled with dilute nitric 
acid (nitric acid and water etpial parts by measure), which 
is allowed to remain for twenty-hmr hours. This prelimin- 
ary treatment modifies the surface of the lead, rendering it 
somewhat porous, and, in connection with the roughening, 
reduces the time of formation from four or five weeks down 
to one week. The nitric acid is removed, the plates and 
cell are thoroughly washed, and the cell is filled with a solu- 
tion formed of sulphuric acid i part, water 9 parts. 

The desired number of cells having been thus prepared. 
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arc connected in series, and the j^jles of each cell are 
marked so that tliey may be always connected up in the 
same way. The charj^iiii;; current, from whatever source, 
should deliver a current of ten amperes, with an electro- 
motive force ten per cent, above that of the accumulator. 

h'ach cell of this battery has an elec tro-motive force of 
two volts, and the voltai^e of the series of cells would be the 
number of cells y 2. If is a simple matter to determine the 
amount of current rccpiired to chart^e a ;^iven number of cells. 
For example, a battery is recpiired for supplying a series of 
incandescent lamps. It has 

been found luieconomical to Fie. 41?. 


use lamps of a lower voltajjfc 
than 60. It will, tlierefore, 
require a battery having an 
E. ,M. F. of bo volts to operate 
even a single lamp. This be- 
ing the case, at least 30 cells 
of battery must be provided, 
and on account of a slight 
lowering of the Iv. M. F. in 
use, two extra cells should be 
added. It will, therefore, re- 
quire 32 cells for a small in- 
stallation, and the machine lor 
charging such a batterv should 
be able to furnish a current 



of ten amperes, with an K. M. F. of 75 volts. To form the 
battery, it is placed in the circuit of the dynamo and kept 
there for thirty hours continuously, or for shorter periods 
aggregating thirty hours. It is then discharged through 
a rcsi.stancc of 20 or 30 ohms, and again recharged, the 
connections with the dynamos lx.'ing reversed so as to send 
the cuiTent through the batterv in the opposite direction. 
The batterv is again discharged through the resistance, and 
again recharged in a reverse tlirection. These operations 
arc repeated four or five times, when the formation is com- 
plete. It will require from five to .seven hours to charge 
the battery after it is thonuighly formed. " It must always 
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be connected with the dynamo as connected lust in charging. 
Although amateurs may find pleasure in constructing 
and forming a secondary battery, there is no economy in 
securing a battery in this way. It is less expensive and less 
vexatious to purchase from reliable makers. 


TIIKRMO-ELECTRU' I'UIIRENT. 

Professor Seebeck. of Berlin, diseoveretl in 1821 that an 

Fii;. 4i() 
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electric current c(niid l»e produced by the direct application 
of heat to a ct)iuluctor consisting of two metals soldered 
tcjgether, the heat being applied to the junction ol the two 
parts of the circuit. 

A simple thermopile [or illustrating this phenomenon 
is shown in Pig. 416. It consists ot a series of brass 
and German silver bars, alternating in ])Osition and 
separated by stri])s of mica, except at a short interval at 
one end of each pair, at which point the bars are connected 
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by soldering. The soldering occurs altcrnalely at opposite- 
ends, as indicated in the [)lan view in the hjwer j>art of the 
cut. The battcjy is thus formed of a continuous conduc- 
tor of dissimilar metals. 'I'lie terminals of the series being 
connecte'l with a galvanometer of low resistance. heatap|)lieci 
t<j one end of the scries will cause a current to flow. This 
will be indicated by a deflection ot the galvanometer needle. 
The current will continue to flow so long as a difference ol 
teinpe?*ature of the ends of the series maintained. 


Fii.. 4t7. Kn., 41.'. 



Cl.iinond’s Tliermo-Elcctric Uaitery. 


Nobili's thermopile, construeted on this ]>rincipie from 
a large number of small bars of bismuth and antimonv, 
used in connection with a delicate galvanometer, consti- 
tutes one of the imtst sensitive indicators id change of tem- 
perature known. 

t'lamond's thermo-electric batterv, wluch is shown in 
j>lan in Tig. 417, in perspective iti Tig. 418, aitd vertical sec- 
tion in Tig. 419, has been used for telegraphic purposes and 
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for electro-plating. In this battery one element consists of 
an alloy of two parts of antimony and (me of zinc, cast in a 
flat spindle-shaj>cd bar, li, from 2 to 3 inches in length by | 
inch in thickness. The other element is a thin strip. L, of 
tin plate, which enters a notch in the inner end of one anti- 
mony-zinc element and is connected in a similar wav with 
the outer end of the next element. These are joined in a 
circle, as shown in Fig. 417, and are kept in [)osition bv a 
paste of asbestos and soluble glass. Flat ring', V, of this 
composition are also made and placed between the senes of 


Fit;. \H), 



of (Jlainorid'b li.itlery. 

elements, which are piled one over the other, as shown in 
Figs. 41.S anrl 419. The connection bi'tween the several 
series is made by soldering together positive terminals of 
one series with tlie negative of the next, as shown in Fig. 
417. When the battery is complete the interior presents the 
ap[)earance (A a perfect cylinfler. 

The heating is eifectefl by means of coal gas, admitted 
through an earthenware tube. A, jterforated with numerous 
small holes. The temperature should not exceed abrnit 
200 F. 

A battery sixty such elements has an electro-motive 
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force of three volts and an internal resistance of ohms. 
This battery has been used in telegraphy, in electro- 
metallurgy, and in char^in}^ secondary batteries. 

EI.EC'IRICAL UNITS. 

Potential is a term used t(j express various degrees of 
electrical energy or power of doing work, and is used with 
respect to electricity in much the same wa}’ as pressure is 
applied to steam. The earth, so far as pc^tential is concerned, 
is said to be at zero. The zero point forms a basis from which 
to measure the relative electrical condition of bodies which 
may have higher or lower potential than that of the earth. 

For the sake of convenience, electricity is treated as a 
fluid. Any substance through which it flows is called a 
conductor, and the flow <jf the fluid over the conductor is 
known as a current. .Vnv substance over which electricitv 
will not pass is called an insulator. 

The difference of [)otential 'oetween two points con- 
nected by a conductor causes a passage of electricitv frf)m 
one point to the other until an e(iuilibrium is established, 
when there can be no further transfer of the current. When 
a current is passing, it shows that there is a difference of 
potential. 

Electro-motive force (for convenience usually written 
R. .M. F. ) is that force which tends to move electricity from 
one point to anothc'. It is proportional to the difference of 
the ])otential of tlie two points. There mav be a difference 
of j)otenlial at two points without a current. When the 
two points are connected bv a conductor, the current will 
be established bv virtue of tiie electro-motive force. 

.Vll substances offer more or less resistance to the electric 
current. Most metals are called gootl conductors, because 
they offer but little resi.stance to the passage of a current. 
f)ther materials, such as wootl, stone, glass, are practically 
non-conductors, and are therefore called insulators. 

Electricitv being invisible and imponderable, it is impos- 
sible to measure it as ponderable matter is measured, there- 
fore special units have been devised for the measurement t)f 
electricity, which are of two kinds, known as absolute units 
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and practical units, tlie ratiu between the two being some 
power of ten. 

In these measurements, length, mass, and time are 
measured in centimeters, grammes and seconds, respectively. 
This is known as the centiineter-grainine-second method. 
The abbreviation for this method is C. G. S. 

The absolute units of this system are not adapted to 
practical use, as they involve ligures of inconvenient length, 
but in order to show the basis of electrical measurements, 
the following examples arc given: 

The dyne or absolute unit of force is that force which, 
acting for one second on a mass t)f one gramme, imparts to it 
a velocitv of one centimeter per second. The weight ol one 
gramme according to this explanation is equivalent to a 
force of I > 980 .; - 980':: dynes at New York, hit. 40 41 N. 
( A gramme is ecpial to 15.482 grains, and a centimeter to 
O' 3937 <.»f an inch.) Flic \elocity acijiiiri'd by a falling bodv 
in one second i> 32' i<) feet, (U* 980'^ centimeters, at New 
York. 

The erg or absolute unit ol work is tlie work reipiired t<t 
move :i bodv one centimeter against tlie loree ol oiu' dvne. 
The weig"!!! oi one giamme being eipial to 080 dynes, the 
work of rai.sing one gramme through om' centimeter against 
the force of gravity is 980 ergs. .\n erg !> equal to 
of a foot |)ound. .\ loot pound is work done in raising oiu‘ 
pound one loot high. 

A magnetic pole ol unit strength is such that, when 
placed at unit distance (one centimeter) Irom a similar 
pole, the two will .act upon each other with unit loree 
(one dvnci. 

A unit line of force is of such strength as to act on a pole 
of unit strength with unit force fone dync). \ magnetic 
held ol unit intensity is one in which each sipiare centi- 
meter of area is occupied by one unit line of force. 

A current of unit strength is such that wlien llowing 
around an arc one centimeter long on a circle of one centi- 
meter radius, it exerts a force of one dyne on a unit jiole 
placed at the center of the circle. 

A conductor is of unit resistance when the work done in 



USNAMIC KLKri Klcn V. 427 

Ji second by a current of unit strenj^th passinj^ throujjh it 
equals one cr^. 

'I'he unit difl'erence of potential or electro-motive force 
is that Jiecessary to impel a current of unit strength through 
unit resistance. 

Unit (piantity of electricity is that conveyed by a unit 
current in one second. 

riie practical units in most frequent use are the volt, tfie 
ohm, and the ampere. 

The volt (e(}ual tf) absolute units; or unit measure of 
electro-uKjtive force, or of difference of potential, is equal 
approximately to the electro-motive force pt^ssessed by one 
Daniell cell ; accurately, it is 095 of the E. M. F. of this cell. 

The ohm (ecpial to 10' absolute units) f)r unit measure of 
resistance is aj)pniximatelv cajual to the resistance of 250 
feet of co])per wire of an inch in diameter, or of a mile 
of No. () telegraph wire. 

I'he ampere ( absolute unit) is the unit measure of 

current strength. It an electro-motive force oi one volt be 
aj)plied to send a current through a resistance of (.>ne ohm. 
the strength of the current produced will be one ampere; 
that is to sa\ the strength ot a current in amj)eres varies 
directlv as the elect ro-nioti\e force applied to ])roduce it. 
and inver’'elv as the ix'sistance <»! the circuit. 1 his is 
expressed bv the lormula know u as Ohm's law: 

!•: 

(' - where 

R 

C' is strength of current in ami)ercs. 

1 C is elei'tro-moti\ e lorce in volts. 

K is the resistance in ohms. 

The coulomb t,\, absolute unit) is the unit of quantity, 
and represents the amount of electricity conveyetl by one 
anq)ere of current acting for one seca)nd. This is repre- 
senlcd bv the formula : 

O 

U — or U' ”■ ^ 'vhere 
/ 

C is the current in am[)ercs. 
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Q is the quantity of electricity in coulombs, 

t is the time in seconds. 

For example, if a current of a streiiirtli of 5 amperes 
Hows for ten seconds, the amount of electricity which 
passes during that period will be 50 coedombs. 

The farad ( lo''* absolute units) is the measure of capa- 
city, and is such that a condenser of (»ne farad of capacity 
could be raised to tlie potential of one volt by a cliarge of 
one coulomb of electricity, or in other words, by a c urrent 
strength of one ampere acting for one second. 

As a condenser of the cajiacity of one farad would be 
inconveniently large, the microfarad, or one-millionth part 
of a farad, is the unit generally used. 

Since it is frcciuently necessary to measure {piantitics 
millions of times greater or less tlian the practical units, the 
prefix mci^a has been adopted to represent one million times, 
tnicro one millionth part, and ntilli owe thousandth j)art. In 
this way the megohm signifies one million ohms, and milli- 
ampere one thousandth [>art of an ampere. 

The gramme-degree cor calorie) the C'. (x. S. unit of heat 
is the amount recpiired to raise one gramme of water one 
degree centigrade, and is ecjual to the work of 4J million 
ergs or 3A, foot pounds. The work re<]uired to raise one 
pejund of water (me degree Fahrenheit is ecpiivalent to 
abexut 772 foot pounds. 

The heat deyelo{>ed in a circuit depends upon the 
strength of the current, the time that it acts, and the resist- 
ance of the conductor, and is calculated by the following 
formula, called Joule's law; 

R’ 

H where 

4 '-’ 

C is the current in amperes, 

R is the resistance in ohms, 

t is the time in seconds. 

H is heat in calories, or gramme degrees centigrade, as 
above. 

The joule or practical unit of heat is the amount of heat 



DYNAMIC KLKCTKICITV. 429 

caused bv a current of <jne ampere actinj^ through a resist- 
ance of one ohm in one second, and the heat may be calcu- 
lated by the formula: 

J • C" K. where 

C is the current in amperes. 

R is the resistance in ohms, 

J is heat in j(jules. 

The watt or practical unit of the rate of doin^ work Is 
equal to ten million ertfs (10" absolute C. G. S. units) per 
second, or to the work produced in tiiat lime bv one ampere 
of current of an electro-motive force of one volt acting 
through a resistance of one ohm. 

The horse power is tlie unit of rate of work commonly 
used by engineers. 

An actual horse power is ecpiivalcnt to 33.000 j)ounds 
raised one foot in one minute, or 550 foot pounds per 
second. 

The electrical horse power is equal to 746 watts. The 
work e.xpended in a circuit in producing a current of a cer- 
tain strength and of known electro motive hirce. or against 
a known resistance, can be calculated by tlie following form- 
vda. which, however, onlv represents the work expended 
in the circuit it.self. and does not make allowance for that 
wasted in the generator and in the prime motor: 


w 

(' E or W 

- c- 

R or 


c T -: 

C- R 


11 p 

or 


where 


74O 

r 4 d 

• 


C is the current in ampere.s. 

K is the electro-motive force in v(dts, 

R is the resistance in ohms, 

W is the work in watts, 

II F is the actual horse [H)wer* 

ARKANCKMKNT "F UAI'l'KRV CEIXS. 

To secure the greatest efficiency in a battery, the ele- 
ments must be arranged si> as tt) adapt the electro-motive 

^ concise Jotinitions arc taken Irom ‘‘ Practical Electric Lighi- 

ing/' by A. liroinley Holmes. 
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force and the internal resistance to the resistance of llic ex- 
ternal circuit. To accomplish this the batteries are con- 
nected up in different ways, so as to yiekl currents of high 
voltage and low amperage, or the reverse. 

To facilitate the explanation of the method of connect- 


420. 


inff batteries, it will be necessary to describe the conven- 
tional sign by which the element is designated. Fig. 420 
represents the symbol or conventional sign for a single 
cell of any battery, riie short, tliick line represents the 
zinc, anil conseiiuentlv the negative pole of 
the battery, while the longer, tliin line stands 
for tlic platinum, copper, or cai bon plate, and 
the positive pole. I'lie minus sign {-) is used 
to designate the negative jiole, while the plus 
sign I • ) is used to designate the ])i)sitive pole. 

When a number ot cells are connected together, as 
shown in I'ig. 421. that is, with tlie positive pole of one cell 
connected with the negative of the adjoining cell, with the 
terminal cells connected with the conductors, the battery is 
connected up in series: and when so connected it yields the 
highest electro-moti\ e force of which it is capable ; that is 
to say. it yields the elect ro-im it ivc lorcc of a single cell 
multiplied by tlie number ol cells in series. 

-\ current of tlii'- kind is adajited to oicrcoine high re- 
sistances. ff a single i ell 
ot battery has an i lcctro- 
motive force ot one \olt. 
then 12 cells of* a battery — 

connected in series would 
have an electro-motive 

force of 12 volts. Now, to secure tlie best effects with a 
battery, the external resistance through which the current 
must work should be eipial to the internal resistance of the 
battery. In this case, if each cell of battery has a resist- 
ance of 5 ohms, the total resistance of the battery would 
be 60 ohms ; therefore, a battery arranged in this way is 
best adapted to an external circuit having a resistance of 
60 ohms. 

A.S the current is equal to the electro-motive force divided 


I'ltr \2l 
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by th(; resistance 



in this case the electro-motive 


force beinjj 12 volts and the total resistance of the circuit 


12 

being 120 ohms, C — - O'l ampere. We 

120 

have then a current with the strength of o*i 
ampere, having an electro-motive force of 12 
volts. 

Perhaps the difference resulting from the 
methods of connecting uj) batteries cannot be 
better shown than by taking the opposite 
extreme. The 12 cells of battery are con- 
nected up in parallel circuit ; that is to say, all 
the positive j)oles are connected with one 
conductor, and all the negative poles are 
connected with another conductor, as shown 
in Fig. 422. In this case, each cell of batterv 
having a resistance of 5 ohms, the total resist- 
ance of the 12 cells connected in parallel will 
be ,‘.j of 5 ohms, which is a little more than 
0'4i ot an (thm, and the electro-motive force 
of a batterv thus connected will be only that 
of a single cell; then, making the external resist- 
ance e(}ual to the internal resistance of the 
batterv, the total resistance of the circuit will 

F 

be o%S2 ohm. Now, bv Ohm’s law. C' — 

R 

I 

we will have 1-219 amperes. 

0-82 

Where the cells are connected three in 
.series, with four such .series parallel, as shown 
in I'ig. 42.^, the electro-motive force will be 
three volts (this tpiantity remaining the same 
for any number of .series of three ta^nneeted 
parallel). The resistance is inversely as the 
number of series; assuming the resistance to 
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be 5 ohms per cell, the resistance of one series would 
be 15 ohms, and that of lour series connected parallel 

15 

would be 375. Now, makinij the external resistance 

4 

of the circuit equal to the resistance of the battery, the 

Ei., 42? 



total resistance of the circuit would he internal resistance 
V75 ~ external resistance V7=i 7'5 ohms: and bv the 
b: " 3 ■ 

formula C — we will have-— - 0^4 ampere. 

K 7-5 

In Fig. 424 tlie cells are arranged in three parallel series 

Fr. 424 




of four each. The electro-motive force is 4 volts, the 
resistance of each series is 20 ohms: this dividcfl by the 
number of series 6'()6 ohms. Afhling the resistance of the 
external circuit, which shoukl be the same, the total resist- 
ance of the circuit would be t3’32 ohms, d'he electro-motive 
force, which is 4 volts, divided by this resistance - - 0’3 am- 
pere. 
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Take another example, in which 12 cells are arranj^ed in 
;t\v() series of 6 each. The electro-motive force will be 6 
volts, the resistance 15 ohms, and if a similar resistance be 
added in the external circuit, the total resistance will be 30 
ohms, and the current strength will be 0*2 am])ere. 

If, however, a resistance of 60 ohms be placed in the ex- 
ternal circuit, with cells arranged as in Fig. 425, the to^I 
resistance of the circuit then being 75 ohms, the current 

6 

strength would be — - 0 08 ampere, which is much less 

75 

than that obtained by the first arrangement, in which all the 
cells arc in series. Or take the first 
example, in which all of the cells are in 
series, and make the external resistance 
15 ohms, instead of Co. The current 
strength would be o‘i6 ampere, but the 
extra strength would be attended with 
an undue loss in the battery. 

It will thus be seen that bv connect- 
ing cells in series the highest electro- 
motive force is secured, while cells must 
be connected parallel for the greatest strength of current. 


Fig. 425. 



c:.\l.V.VN» (MKTKKs. 

Xo one can go very deeply into the study of electricity 
without reaching the subject of electrical measurements; cer- 
tainly verv little can be dune in this direction without a gal- 
vanometer of some kind. The simple instrument already 
described answers very well for detecting currents and 
showing their direction, but it is not sufficiently delicate to 
be of value in electrical measurements. 

.\mong all the galvanometers yet invented, there is per- 
haps none possessing so many good (jualities as the one 
shown in I'ig. 426. It is very simple. The materials arc 
inexpensive. No great mechanical skill is required in its 
construction, and its sensitiveness and accuracy are suffi- 
cient for most requirements. Besides all this, it is perfectly 
“dead beat,” so that no time need be wasted in waiting for 
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the instrument to come to rest. This sjalvanometer is the 
joint invention of MM. Deprez and D’Arsonval, of Paris. 


Fk;. 426. 





f)epr»*z-r)'Ar*;onv;il (i.ilv.inoiTu ffT. 

It cv)nsists essentially of a rectanj'uhir coi! of fine wire sus- 
pended f)n strained torsional wires in a stronj' magnetic field 
To the base is seen reel, by means of angle plates, a com- 
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pound U-magnct, 7 inches high, formed of three steel mag- 
nets, one-quarter inch thick, secured together and to the 
angle plates by bolts. The distance between the inner faces- 
of the poles of the magnet is i,’, inches. Two and three- 
quarter inches behind the center of the magnet a brass col- 
umn rises from the base, and is provided near its center 
with an adjustable brass arm, supporting at its outer end,, 
and exactly in the center of the sj)ace between the poles of 
the magnet, a hollow soft iron cylinder, 2'4' inches long, 
1 3'., inches in external diameter, inch in internal diameter. 
The to[) of this cylinder is even with the upper ends of the 
magnet. To the top of the brass column is secured, at right 
angles, an arm that extends over the hollow iron evlinder, 
and is provided with a vertical sleeve, in which is clamped 
a rod having on its lower end a small silver hook, arranged 
axially in line with the iron cylinder. 

To a block attached to the base, opposite the center of 
the magnet, is secured a tapering spring, inch thick and 
3^ inches long, carrying at its free end a small silver hook, 
which is arranged in line with the axis of the iron cylinder. 

.\ rectangular coil of No. 40 silk-covered coj>j>er wire, 
large enough t<) swing freely over the iron evlinder. is sus- 
pended bv a hard-drawn No. 32 (0008 inch in diameter) sil- 
ver wire from the hook above, and is connected by a simi- 
lar wire with the hook on the spring bek)w. The upper 
wire is 2 '4, inches long between its conneetion.s, the lower 
one inches. 

The sides of the rectangular coil are Hat. being about 
inch thick aiul />, inch wide. The resistance of the coil is 
150 ohms. The silver luniks are connected with opposite 
ends of the coil, in the manner slunvn at 4 and 5, Fig. 426^7. 
Hach hook is providetl with a Hat head, which is secured 
between two thick plates of mica, the shank of the hook 
projecting through a hole in the outer mica plate. Each 
])air of mica plates is secured in place on the coil by a wind- 
ing of silk, which is coated with shellac varnish to prevent 
the plates from slipping. The hooks are arranged exactly 
in the middle of the ends of the coil, so that when the coil is 
supported in the pt)sition of use by the silver wires, it will 
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oscillate freely between the poles ol the inas>fnet and the iron 
cylinder. The terminals of the coil are soldered to the sil- 
ver hooks. The upper hook is made a little more than a half 
inch long, to receive a small concave mirror, as shown at 
4, which is secured in place by cement or wax. The mirror 
has a focus of i meter. 

The relation of the magnet, A, the coil, C, and the iron 
cylinder, B, are clearly shown at 3, which is a horizontal 
section taken through those parts. 

A glass shade protects the delicate parts of the instru- 
ment. The two binding posts, which are outside of the 
glass shade, are connected under the base with the brass 
column and the spring, so that the current passes from one 

Fig. 426<j. 



3, Horizontal Section of Magnet Toil, and Core. 4 and 5, Details of 
Deprez s (ialvanonicter. 


binding post to the column, thence down the upper .silver 
wire, then through the coil, the lower silver wire, and the 
spring to the other l)inding ]>ust. 

The silver wires are ])laced under considerable tension, 
and the coil is adjusted to a central position by turning the 
hooked rod at the top of the instrument. 

When an electric current is .sent through the coil, it 
tends to assume a position at right angles with a line join- 
ing the two poles of the magnet, the amount of displace- 
ment of the coil from its normal position depending on the 
strength of the current. As the deflection for a very light 
current is .small, a beam of light reflected from the concave 
mirror is employed as an index. The scale is arranged as 
shown in Fig. 427, the light being projected from a lamp. 
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siipporlccl at the jiroper hcij^ht behind the scale, through a 
slit below the scale and on to the concave mirror. The mir- 
ror rcllects the beam on to the scale. The mark at the cen- 
ter of the scale is o, and arbitrary numbers, running upward 



'^h’egularly, arc arranged on the marks on opposite sides of o. 
The common paper scale used bv draughtsmen answers for 
this ])urp()sc. * 

VVhen the coil is at rest, the light spot remains at the 
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center of the scale, but when a current {xisses through the 
coil, the beam moves steadily forward and jti>i)s withf)ut 
oscillation, the distance through which it moves depending, 
of course, on the strength of the current. The coil is 
returned to its normal position bv the spring of the silver 
wires. 

By emp)loying sluints. hcavv currents mav be measured 
with the aid of this instrument. 'I'he sensitiveness of this 
galvaiH)meter is so great as to indicate a current wlien tl»e 
ends of two No. iS copper wires connected with it are 
placeil on ojiposite sides of the tongue. 

The coil is carefullv wound over a form covered with 
paper, each laver of wire being varnislied with shellac var- 
nish as the work of winding progresses. When the coil is 
complete, the coil, together with the form, is heated in a 
warm oven until the varitish becomes hard throughout the 
coil. 

The concave mirror may be purchased from the optician, 
or a verv fair mirror may i)e made by cutting a small disk 
from a double convex sjKXtacle lens of 20 or 30 incli focus, 
and silvering if. A sim|)le and (piick wav of silvering a 
small surface consists in scraping from the back of a piece 
of f)rdinarv looking glass .ill the silvering, except a patch of 
the size of the mirror to be silvered. .\ small drop of mer- 
cury placed on the jjatch soon loosens it, so that it mav be 
slid from the glass and transferred to the disk, which must 
be perfectlv clean. After the patch is in position, a piece 
of tin foil is placed on the back of the disk, pressed down 
firmlv, and alk)wed to remain long enough to absorl) all 
of the .surplus mercury. It is then removed, and the 
transferred silver will be found adhering strongly to the 
disk. 

The various dimensi(jns above given are taken from an 
almost exact copy of a Deprez-D’Ar.sonval galvanometer 
made by Carpentier, of Baris. The copy operates admir- 
ably. It is probable, however, that a considerable devia- 
tion from these dimensions might be made without seriously 
affecting the value of the instrument. 

The tangent galvanometer is of great importance in 
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electrical measurements, especially in the class relating to 
currents. The principle of the instrument is illustrated by 
Fig. 428. In a narrow coil of wire is suspended a short 
magnetized needle, whose length does not exceed one-twelfth 
the diameter of the coil. Two light pointers are connected 
with the needle at right angles thereto. When a current is 
sent through this coil, the needle is deflected to the right 
or left, acc<jrding to the direction of the current, and the 
amount of deflection is de]>endent upon, but not propor- 
tional tt), the strength of the current. It is, however, pro- 
p<trtional to the tangent of the 
angle <tf deflection. 

A j)ractical tangent galvano- 
meter is shown in Fig. 429. In 
this instrument the conductor is 
wound upon a grooved wooden 
ring <) inches in diameter, the 
groove being inch wide and i 
inch deej). The wooden ring is 
mounted in a circular base piece, 
which is pivoted to the lower 
base to admit of adjustment. 

The lower base is provided with 
three leveling screws, which are 
bored longitudinally tt) receive 
[)ointed wires, which are driven 
into the table to prevent the 
instrument from sliding. The lower base is j)rovided with 
an angled arm, which extends over the upper base i)iccc, 
and is provided with a screw for clamping the latter when 
adjusted. 

The winding of the ring is divided into five sections 
having different resistances, .so that bv means of a plug in- 
serted in the switch on the base the re.sistance may be made 
O, 1, 10, 50, or 150 ohms. 

Fig. 430 is a diagram .showing the coils and the switch 
connections stretched out. The first coil. <t, is a band of 
copper ^ inch wide and ,V, inch thick, with j)ractically no 
resistance. The other coils are of wire. I'he coils, /) and a, 


Fiu. 428. 



Principle of Tangent 
Cialvanornetci. 
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together, have a resistance of one ohm. The coils, r, h, a^, 
have a combined resistance of lo ohms. The coil, r/, together 
with the preceding, offers a resistance of 50 ohms, and the 
combined resistance of all of the coils, c, </, r, b, a, is 150 
ohms. 

The conductors are connected with the binding posts, 
f and the current flows through the coils in succession, 
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lantrrnt Galv'anometer. 


until it reaches one of the smaller switch f)lates. which is 
connected with the plate. A, bv the plug. In the present 
case the f)lug is inserted between the plate marked i and 
the plate. A, causing the current to flow from the binding 
post,/, through the cf)ils, <7, /;, and plate, y\, to the binding 
post, ,g. I he resistance of the galvanometer is obviously 
one (jhm. 

The magnetic needle, which is .f inch long, is located 
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exactly at the center of the ring, and delicately poised on a 
fine hard steel point. The needle should be jeweled to re- 
duce the friction and wear to a minimum. To the sides of 
the needle are attached indexes of aluminum having flat 
ends, each of which is provided with a fine mark represent- 
ing the center line of the index. The box containing the 
scale and the needle is supported by a cross-bar attachech to 
the wooden ring. To the top (^f the wooden ring is attached 
a brass standard, whicii is axially in line with the compass 
needle. 

Upon the standard is mounted a bar magnet, which 
may be adjusted at any angle or raised or lowered. This 


Fig. 430. 



magnet serves as an artificial meridian when the galvano- 
meter is used for ordinary work. When it is used as a tan- 
gent galvanometer, the magnet is reniovetl. 

Tlie Deprez galvanometer is independent of the earth's 
magnetism, but the tangent galvanometer must be arranged 
with the coil and the needle in the magnetic meridian, and 
its adjustment must be such that a current which produces 
a certain deflection of the needle in one direction will, when 
reversed, produce a like deflection in the t)pposite direction. 
The angle of maximum sensitiveness in the tangent galvan- 
ometer is 45 ’ : therefore, when it is possible to do so, the 
current should be arranged to produce a deflection approxi- 
mating 45 . 
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ELECTRICAL MEASUREMEX I S. 

The resistance of a battery may be ascertained by means 
of the tangent {galvanometer as follows: 'Phe battery is 
connected with tlie ijalvanometer. and the deflection of the 
Jioedle is noted : then a variable resist;uue is introduced and 
ailjusted until there is a deflection, the tani^ent of the anijle 
of which is et)ual to one-half the tangent ot the ani^le of the 
first deflection. Phe resistance thus intnKiucetl is eijual to 
that of the batterv and {^aivanoinetei . Pake from this 
quantity the resistance of the {galvanometer, and tlie re- 
mainder will be the resistance of the battery.* 

For example, when a batterv placed in circuit with a 
tansjent {Galvanometer produces a di'Hection ol 4S . the tan- 
{Gcnt of that aniGle bein{( t in. half ot this quantitv would 
be 0‘535. which is verv nearly the tan{;ent ot the an{Gle of 
29 ; therefore, resistance is introduced until the needle falls 
back to 29 . Assumin{( this resistaiu'e to he 15 ohms, and 
the resistance of the {>alvanometer to be to ohms, the {Gal- 
vanometer resistance deducted from the resistance intro 
duced leaves 5 ohms, which is the resistance ot the batterv. 

To measure the electro-motive force ot a battery, a 
standard cell is necessary. A Daniell or {Gravity cell, hav- 
in{G an Pi. M. P. of fo79 volts, is commonlv used. Phis is 
connected with the tan{Gent {Galvanometer, and the deflection 
and t<ital resistance in the circuit, which sliould be hi{Gh, is 
noted. Pile standard batteri is tlien removed and the one 
to be measured is inserted in its place, and the resistance 
of the circuit is adjusted until the deflection of the {Gal- 
vanometer needle is the same as in the first case. It now 
becomes a matter of simple pro[)ortion, which is as follows : 

E. -M. F. F, M F Total Total 

of standartJ of hattcry : : rosistrint t* • rfsistann.* 

battery. bem^ in first in set ornl 

nifiMirf'd. r.istj. cast*. 

Assumin{G the resistance in the first case to have ticen 
2,500 ohms, and that in the secoiul case 2,000 ohms, the pro 
portion would stand thus: 

L’likfHiwn 

^'<^79* f*:. M. F. -oOO : 2 ,rx >0 

* A table of natural laiu<ents is ^iveci ai tht cbisf of tins rliapl«*r. 
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or as 3 to 4. The E. M. F. of the battery measured is there- 
fore 0 8633 

A convenient arranj^emcnt of the tangent galvanometer 
scale is t<» have one side of the scale divided into degrees, 
the other side being arranged according to the tangent 
principle, so that the reading will l)e direct and reference 
the table ol tangents will be avoided. 

The simplest method of measuring resistance is that 
known as the substituti(jn method, in which the unknown re- 
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sistance and a galvanometer are placed in the circuit of the 
batterv. The dcHection of the galvanometer needle is noted. 
A variable km^wn resistance is then substituted tor the un- 
known resistance, and adjusted until the deflection is the 
same as in the first case. The variable known resistance will 
then equal the unknown re.sistance. If the current is so 
great as to cause a deflection of the needle much exceed- 
ing 45 , it should be reduced either by removing some of 
the batterv or bv the introduction of extra re.sistance inU> 
the circuit, riie same conditions must t)btain throughout 
the measurement. 
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The VVlu'atstone bridije presents the best knowti method 
of quickly and accurately measurinjj resistances. Any jijal- 
vanometcr may be used in connection with the bridj^e, 
that shown in Fi^. 4J8 beini^ the best for most purposes. 
The bridge method was originally devi.setl bv Mr. Christie. 
The late Sir Charles Wheatstone’s name is attached to the 
invention, in consequence of his having brought it before 
the public The principle of this apparatus is illustrated 
in Fig. 431. A current, in passing from 1 to 2. divides, a 
part passing over 1, a, 2, another part passing over i, fi, 2. 
For every point in i, u. 2 there is a point in 1, /». 2 having 
the same potential. If these two points of et]ual potential 
be joined by a conductor, no current will pass through the 
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Bridge Resistance Box 


conductor. In the diagram the points ol e([ual potential 
are marked <7, />, and they arc ct)nnected by a conductor 
in whicli is inserted a galvanometer. 

.A, B, and Care known resistances, and D is the unknown 
resistance. When A : B : ; C : I), tlie galvanometer 
needle will stand at o. J he resistance, C, is variable, .so 
that when the unknown resistance, I), is inserted, the resist- 
ance, A, is adjusted until the neeflle falls back to o. 

The commercial form of Wheatsttme’s bridge is repre- 
.sented in Fig. 432. 

In this instrument a number of coils are suspended from 
the vulcanite cover of the bo.v and connected with brass 
blocks attached to the cover in the manner shown in Fig. 
433, which represents a part of the resistance box. 

The terminals of the coils are connected with adjacent 
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blocks, so that a current entering at A will pass from the 
first block down through the first coil, thence to the second 
block. In the present c'asc the second and third blocks are 
connected electrically by a plug inserted between them, so 
that the second coil is cut out, the current taking the jiath 
of least resistance. The current can pass from the third to 
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the fourth blocks only by going through the third coil, and to 
pass from the fourth block to the fifth, the current must 
pass through the fourth coil. Whenever a plug is inserted it 
cuts out tiie coil connected with the blocks between which 
the plug is placed, and when a plug is removed the coil at 
that point is thrown into the circuit. The coils of the 
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Diagram of Bridge Conneciion. 

resistance box arc w'ound double, so that the current passes 
into the coil in one direction and out of it in the opposite 
■direction, thus perfectly neutralizing an}* magnetic effects. 

Fig. 434 represents the top of the bridge resistance box, 
and the circuits diagrammatically. The three branches 
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including the known resistance of the bridge are contained 
in the resistance box. In this diagram the connections of 
the battery and galvanometer, as shown in Fig. 431, arc 
transposed for the sake of convenience in calculation, but 
the results are the same. The resistances, A B, of Fig. 431 
are each replaced here by three coils of 10, 100, and 1,000 
ohms. These are called the proportional coils. The rest 
of the resistance box constitutes the adjustable resistance ; 
and .r, connected at D and C, is the unknown resistance. 

The galv’anometer is connected at I) B, and the battery 
at A C. The value of the unknown resistance, x, is deter- 
mined by simple proportion, 

.1 : R ; : X : S. 

As shown in Fig. 434. the variable resistance R 2165 
ohms, s — = 10 ohms, and .S ^ = 1,000 ohms, therefore .r -i'63 
ohms. 

The value of the proportional coils may be expressed as 
follows: 
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The arrangement of the proportional coils may be i,ooo: 
1,000 U)r large resistances, and lo ; lo for small resistances. 
In using the Wheatstone bridge in testing cables or in 
measuring the resistance of an electro-magnet, or a coil, to 
avoid delay caused by the deflection of the needle before 
the current becomes steady, it is best to send a current 
through the four arms of the bridge (s, S, R, x) before it is 
allowed to pass through the galvanr)meter. This is accom-^ 
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])lishcd bv means of the bridge key, shown in Fig. 435. to- 
•rethcr with its connections. 

This is in reality nothing more tlian a double key 
arranged to control the two j>arts of the circuit independ- 
ently, the upj)er key being arranged so that after it is closed 
it may be still farther depressed to close the k^wer one, the 
two keys being separated by an insulating button. 

The binding posts, a b, of the upper key are inserted in 
the wire which includes the battery, while the binding posts^ 
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c <i, of the lower key arc inserted in the conductor including 
the galvanometer. When this key is depressed it first sends 
the current through the arms of the bridge, and then allows 
it to pass through the galvanometer.* 

JOINT RKSISTANCK OK IIRANCH ClRt UITS. 

The resistance of a conductor is directly proportional to 
its length and inversely proportional to its sectional area, 
and the conductivity of a wire is the recipi'ocal of its resist- 

Fu. 430. 



ance. The conductivity of a wire having a resistance of i 
ohm is I ; that of a wire having a resistance of 2 ohms is 
that ot a wire having 3 ohms resistance is and so on. 

The joint resistance of two parallel conductors is, of 
course, less than tliat of either taken alone. The joint 
resistance of a divided circuit is ascertained by finding the 
conductivities of the different branches. The reciprocal of 
this result will be the joint re.sistance. 

The method of determining the resistance (R) of a single 

* “ Hand Book of Electric.il Testing," by Kempe ; Practical Electri- 
•city,” by Ayrton ; “ Elementary Practical Physics,’’ by Stewart and (Jec; and 
“Electrical Measurements and the Galvanometer,” by Lockwood, are desirable 
.books on electric measurements. 
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conductor has already been explained. To find the joint 
resistance of the divided circuit, 2, l-'i^. 436, one branch hav- 
ing' a resistance of 4 ohms, the other 8 ohms, the recipn^cals 
of these numbers being respectively and 'i,, these added 
- ‘ f, which is the joint conduclivity. The reciprocal of this 
is fj 2‘66ohms. In a similar manner the joint resistance of 
three branches (3, Fig. 436) may be ascertained. Assuming 
the resistances to be 2, 5, and 10 ohms respectively, the 
reciprocals are j, and ,V, which added - - which is the 
joint conductivity, the recipnjcal of this > ® - - r25 (dims, the 
joint resistance. 

The joint resistance of four or more parallel conductors 
is found in the same way. In the case of the example 
shown at 4, Fig. 436, where the resistances are respectiveh’’ 
100, 75, 50, and 25 ohms, the joint resistance is 12 (^hms.* 

Electrical measurements are made in a commercial way 
by means of instruments graduated so as to be read directly 
in ohms, volts, and amperes. 

KXI’ANSIOX V( iLTMKTKR.f 

In the ordinary voltmeter, in which acidulated water is 
decomposed by electrolysis, and in which the strength of the 
current is determined by the volume of gas accumulating in 
a given time, there are several objectionable features which 
prevent it from coming into general use for the measure- 
ment of the strength of electric currents. 

In the first place, the electrolvtic voltmeter is incapable 
.if indicating the strength of the current at anv particular 
moment, and cannot, therefore, vield anything but a mean 
result. It offers considerable resistance in the circuit, its 
indications depend upon the acidity of the water and the 
.size and distance apart of the electrodes ; and to secure 
.accurate results, the temperature and barometric pressure 
must be taken into consideration. 

The voltmeter shown in the engraving, Fig, 437, depends 

* For simple methods of workinf? out these and analogous problems the 
reader is referred to “The Arithmetic of Electrical Measurements, " by 
W. R. P. Hobbs. 

f Published originally in the ScUntijic AmeriaiPi oi ]\\\y i8Si. 
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on the heating effect of the current on a thin wire of pla- 
tinum or copper, the linear expansion of tlie wire giving 
the index more or less motion, according to the strength 
of the current. 

This instrument has one source of error to be compen 
sated for — that is, the increase of the resistance of the wire 
with the increase of temperature. No account is taken of 
the environing tempei'ature nor of barometric pressure, and 
the indication may be read at any moment; and, in()ret)ver, 
the increase of resistance due to increased temperature may 
be disregarded, since the normal resistance of the wire is 
almost nothing. 

This voltmeter finds its principal application in connec- 
tion with the stronger currents, such as are employed in 
electric lighting, in electro-metallurgy, and in telegraphy. 
It must be adapted within certain limits to the current which 
is to operate it, but when the instrument is properly pro- 
portioned to its duties, its indications may be relied upon. 

A vertical plate of vulcanite supports a horizontal stud, 
upon wliich are placed two metal sleeves having a glass 
lining. To one of these sleeves is attached a counterbal- 
anced arm, carrying at its upper end a curved scale, having 
arbitrary graduations determined upon by actual trial under 
approximately the same conditions as the instrument will be 
afterward subi''cted to in actual use. The other sleeve car- 
ries a light c<junterbalauced metal index, which moves in 
fn)nt of the curved scale. Each sleeve is provided with a 
curved platinum wire arm, dipping in mercury contained in 
an iron cu]) secured to the base. Two platinum or copper 
wires are stretched along the face of the instrument, and 
attached at one end to hooks ])assing through an insulating 
})0'^1, and after passing once around tlieir respective sleeves 
on tile index and scale, are attached to spiral springs, which 
in turn arc connected with wire hooks extending through 
an insulating post projecting horizontally from the vulcan- 
ite plate. 

Under each wire there is a horizontal metal bar commun- 
icating under the base with one of the binding posts. The 
two other binding po.sts are connected separately with the 
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two mcrcun' cups. It will be seen that with this construc- 
tion the expansion of the rear wire will move the scale, 
while the expansion of the front wire will move the index. 
In order to apply the current to anv required length of 
wire, there is upon each of the horizontal bars a clamp, 
which may be placed anywhere along the bar and screwed 
up so as to clamp both wire and bar. 

Usually the current to be measured will pass from the 
battery or machine to one of the binding posts, thence to 
the forward horizontal bar, thence through the expansion 
wire connected with the index, through the sleeve of the 
index, and finally through the mercury cup to the other 
binding post. 

It will be observed that both scale and index will be 
moved in the same direction by the expansion of their 
respective wires, and that the atmospheric temperature 
affects both alike. This being true, it is unnecessaiw to take 
any account whatever of external temperature. The appa- 
ratus is inclosed in a glass case to prevent the cooling action 
of the draughts of air. 

By connecting the index expansion wire with a battery 
having an elcctrc^motive force of one volt, the deflection is 
slight, even with a fine wire, but in a stronger current from 
a battery having an electro-motive force oi five volts and 
upward, slight variations will be readily indicated. 

As mentioned before, the instrument must be adapted to 
the conditions under which it is to be used. For use with 
a moderate current, a No. 36 platinum wire, about the 
length of that shown in the engraving, answers a good 
purpose, but for heavier currents from a dynamo-electric 
machine, a larger and longer wire of copper will be required. 
It should be small enough to be heated somewhat by the 
current, but not so small as to offer any material resistance 
in the circuit. 

When the larger wires arc used, they are not wound 
about the sleeves of the index and scale, but are bent down- 
ward before reaching the sleeves, and the mercury cups are 
placed so as to receive their lower ends. Cords or small 
chains are attached to the angles of the wires and wrapped 
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once around the sleeves and attached to the springs, 
1'his instrument, placed ilirectly in the circuit ol a dyna- 
nio-clcctric machine, or in a shunt, will indicate the amount 
i)f current passing. When it is desired to compare two 
urrents, the expansion wire of the index is placed in one 
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circuit and the expansion wire of the scale is placed in the 
other circuit. In a delicate instrument of this kind the ten- 
sion of the expansion wires should be only sufficient to keep 
the wires taut, as they are readily stretched when consider- 
ably heated. 

AMMETER. 

The instrument shown in Fig. 43S is an^ammeter, for indi- 
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eating the strength of the current when its coil is included in 
an electrical circuit. The horizt)ntal metallic plate, mounted 
on the columns, is concaved in the middle and supports 
a spring steel diaphragm that is held in place by the iron 
cap secured to the plate by several screws, so as to clamp 
the diaphragm tightlv. 

The cap) is chambered out to receive mcr.'urv, and has 
a stuffing box for holding a glass tube of small caliber. .A. 
vulcanite screw in the cap serves to bring the mercury in 
the tube to zero before taking a re.uliiig, thus avoiding vari- 
ations In' the ex])ansion of the mercury. I'he graduations 
on the scale at the side ol the lube, which are empirical, 
represent the amperes of the current passing through 'lie 
coil. A short rod is attached to the middle of the dia- 
phragm, and projects tlownwaril througli a hole in the base 
p)late to receive a sott iron cylindrical armature or core 
which extends into the coil. 

The diameter of the diaphragm is 2 inches: the caliber 
of the glass tube, O'OJ inch ; a \er\ flight inotion of the dia- 
phragm is indicated l)y a considerable movement of the mer- 
cury in the tube. 

This instrument, placed anvwhere in the main circuit, 
will indicate the strength ol the current. An incretise in 
the strength of the current results in the drawing of the 
iron core into the coil, and a conseapient deflection of the 
diaphragm and downward movement of the mercury col- 
umn. The engraving is five-eighths of the actual size of 
the instrument. The glass tnbes and scale are shown only 
in part. 

RECORDINC VtJL'l Ml-.'l KK. 

In making electrical tests it is often desirable to consider 
the element of time, but, as every electrician knows, to do 
this with the ordinary appliances is tiresome, and the result 
is liable to be inaccurate. 

The extreme delicacy of the action of the galvanometer 
renders it difficult to apj)iy to it any device capable of record- 
ing the movements of the needle without interfering more 
or less with its action. In the instrument shown in the en- 
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graving a disruptive spark from an induction coil is utilized 
for making the record. The indicating j)arts are made and 



arranged as in an astatic galvanometer. The helixes are 
wound with rather coarse wire (No. 22). The needle is astatic. 
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the inner member swiiii^inij in the central opcniniif in the 
helixes in the usual way. the outer member being located 
behind the helixes. The arbor supporting the needle has 
very delicate pivots, and carries a long and very light alum- 
inum index, which is counterpoised so that it assumes a ver- 
tical position when no current passes through the helixes. 
The needle is unaffected by terrestrial magnetism. 

The upper end of the index swings in front of a gradu- 
ated scale, and is [)rolonged so as to reach to the middle of 
the cylinder, cariying a sheet of paper upon which the 
movements of the needle are to be recorded. This cylinder 
is of brass, and its journals are supported by metal columns 
projecting from the base upon which the other parts of the 
instrument are mounted. The scale is suj)ported by vulcan- 
ite studs projecting from the columns, and to one of the 
columns is attached a clock movement provided with three 
sets of spur wheels, by cither of which it may be connected 
with the arbor of the evlinder Om^ pair of wheels con- 
nect the minute hand arbor of the clock with the cylin- 
der, revolving the cylinder once an hour; another pair of 
wheels connect the hour hand mechanism with the cylinder, 
so that the latter is revolved once in twelve hours; while a 
third pair of wheels give the cylinder one revolution in 
seven days. 

This instrument is designed esjiecially for making pro- 
longed tests. It is provided with four binding posts, two of 
which connect the wires of the batteries under test with the 
helixes. The other binding posts are connected respect- 
ively with the posts supporting the needle and with the jour- 
nals of the recording cylinder. These jtosts receive wires 
from an induction coil capable of yielding a spark from one- 
eighth to one-quarter inch long. 

The induction coil is ke{)t continuously in action by two 
Bunsen elements, and a stream of sparks constantly pass 
between the elongated end of the index and the brass cylin- 
der, perforating the intervening paper and making a per- 
manent record of the movement of the needle. To render 
the line of perforations as thin as possible, the end of the 
index is made sharp and bent inward toward the cylinder. 
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The spur wheels are placed loosely on the arbor of the 
C3’linder, and the boss of each is provided with a set screw 
by means of which it may be fixed to the arbor. This 
arrang'ement admits of g'ivinjj to the cylinder either of the 
sj)eeds, as may be required. 

The paper upon which the record is to be made is 
divided in one direction to represent volts, and in the other 
into hours and minutes. The hour and minute lines are^ 
curved to coincide with the path of the end of the index. 

These records ma\' be duplicated by using the sheet as 
a stencil and cm{)loying the method of printing used in con- 
nection with perforating pens. When the tests are of long 
duration, the action of the inductiem coil is rendered inter- 
mittent bv an automatic ‘twitch connected with the clock. 

ELliCTRf )-.MAGNETS. 

A body of iron with an insulated conductor wrapped one 
or more times around it constitutes an electro-magnet. The 
power of an electro-magnet depends upon the form, size and 
(piality of its iron core, upon the number of turns the con- 
ductor makes around the core, and upon the current passing 
through the conductor. The number of amperes flowing 
through the wire of a magnet, multiplied by the number of 
turns the wire makes around the core of the magnet, gives 
the number of ampere turns; one ampere flowing ten times 
around is equal to ten amperes flowing once around. 
Tw(j amperes flowing five times around is the cqui^'alent 
of either of the foregoing. 

The magnetizing power of the circulating current is pro- 
portional to the number of ampere turns. The magnetism 
produced in the iron core is not always proportional to 
the ampere turns, as the current iiroduces comparatively 
little effect when the magnet core approaches saturation. 

The battery must be proportioned to the resistance of the 
magnet to secure the best rcsidts ; or, if the magnet is ar. 
langed with its winding in sections, so that they ma}' be 
connected up parallel or in series, as will presently be tie- 
scribed, the magnet may be adapted to the current. 

A large magnet made on this plan is shown in Fig. 440. 
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It is well adapted for experimental work. With a current 
from six medium sized bichromate batter}* cells it is capable 
of sustaining about one thousand pounds. It is jirovidcd 
with a switch, so that it may readily be adapted to a light 
or a heavy current by combining tlic several coils in series 
or in parallel. It is made separable, to permit of using the 
coils detached from the core. 

For the construction of the magnet i8 pounds of No. 14 
doubic-covercd magnet wire are required, also two well 
annealed cylindrical bars of soft iron, 8 in. long and i.V in. 
in diameter for the core, a flat, soft iron bar 2. 1 in. wide, 8 
in. long, and f in. thick lor the yoke, a bar of the same kind 
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7 inches long for the annaturc, two double wooden spools 
4 in. in diameter and inches long, with flanges in. 
wide and in. thick. 

The walls of the spools are in. thick. Each .space in 
each spool is filled with the No. 14 magnet wire. There 
arc two ways of winding the wire. According to one 
method a hole is drilled obliquely downward in the flange, 
and one end of the wire is passed from within outward 
through the hole, and the .spool is wound in the same man- 
ner as a spool of thread, the wires at the end of the coil 
being tied together with a stout thread to prevent unwind- 
ing. Each section of each spool is filled in the same 
manner. 
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Although this is the quickest way to wind the magnet, 
it is not the best way, as the inner end of the coil is liable 
to be broken off, when the entire coil must be rewound to 
secure a new connection with the inner end. The correct 
way to wind the wire is to take a sufficient length and wind 
't from opposite ends on two bobl)ins. Wind the wire once 
over the spcjol from one of the liobljins, then wind frotn the 
ends of the coil thus formed toward the middle, first with wire 
from one bol)bin, then from the other bobbin, then wind * 
from the middle ])ack each wav toward the ends in the same 
way, then again toward the center, and so on. By this 
method both terminals of the coil are made to come out 
on the outer laver. 
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At I, Fig. 440, is shown the completed magnet and its arm- 
ature. 2 is a detail view of the spool. 3 shows the cores 
and yoke, both in perspective and section, the sectional 
view exhibiting the method of fastening the cores to the 
yoke by means of screws. 4 (Fig. 441') shows the magnet 
mounted on a wooden base provided with a plug switch for 
connecting the coils in j)arallcl or in series. 5 is an enlarged 
view of the switch, and 6 shows one of the plugs by which 
the connections are made. 

The switch is formed of brass blocks, a, b, r, </, c, g, //, 
arranged in two scries, as shown at 5 fFig. 441). The 
blocks, rt’, //, are provided with binding j)osts for receiving 
the battery wires. The blocks arc provided with semicir- 
cular notches forming the plug holes, i, 2, 5, 4. 5. 6, 7. 8, 9. 
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The block, a, is conncclcd with the lower terminal of 
the low'erleft hand coil, and the block, <•, is connected with 
the upper terminal of the same coil. The block, l>, is con- 
nected with the lower terminal of the upper left hand coil, 
and the block, f, is connected with the upper terminal of 
the same coil. The block. It, is connected with the lower 
terminal of the lower right hand coil, and the block, d, is 
connected with the upper terminal of the same coil. The 
block, g, is connected with the lowei' terminal of the upper 
right hand coil, and the block, c, is connected with the 
upper terminal of the same coil. 

When the holes, i. 2, and 3, are jdugged, the current 
goes in .series through all the coils. By plugging the holes, 
4, 7, 2, 6, and 9, the current g<,)es through the coils two in 
parallel and t wo in series, reducing the resistance to a (juartcr 
of the original amount, by halving the length and doubling 
the sectional area. By plugging the holes, 4, 5, 6, and 7, S, 
9. the current goes through all the coils in parallel, and the 
resistance is reduced to the original amount, by reduc- 
ing the length to and increasing the sectional area four 
times. 

The polar extremities of the magnet are drilled axially 
and tapped to receive screws by which are attached exten- 
sion ])ieces for diamagnetic experiments. 

To retain the spfjols on the cores when the magnet is in 
an inverted position, a thin brass collar is screwed on the 
end of each core. The armature is provided with a hook 
for receivirig a rope or chain, and the yoke has a threaded 
hole at the center f(jr receiving the c-ye for sus])cnding the 
magnet. 

Although this magnet is very complete and desirable, a 
large proportion of the ex[)cnments |)ossible with it may' 
be performed by means of the inexpensive magnet shown 
in Fig. 442. 

The core of this magnet is made of twenty thicknesses 
of ordinary' one inch luK)p iron, about .jV inch thick, thus 
making a rectangidar U-sha[)cd core one inch scpiare. 'I'he 
parallel arms of the magnet are live inches long, and the 
distance between the arms four inches. 
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riic pieces of h(»op iron are readily bent and fitted one 
over the other in succession, the inner (jne hein^ fitted to 
and snpj>orted l)y a rectangular wooden block. When the 
core has reached the reriiiired thickness, the la\’crs of which 
it is formed are fastened toj^ether by means of iron rivets 
])assin<j; throuc^h holes traversing^ the entire series of inm 
strips near the ends of the core. If it is inconvenient to 
secure the lavers in this way, they may be wrapped frf)m 
the extremities d(jwn to the angles with very strong carpet 
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thread or shoe thread and afterward eoatetl with shellac 
varnish, which holds on the thread and assists in cementing 
tin; whole together. 

riie extremities, <i a, of the core are filed off sqiiarelv. 
'I'hc yoke is clamped to the base, d, by the clip, c, made t.)f 
hoop iron or of wood. 

'Po the arms, a n, are fitted the coils, b b, which are 
formed by the aid of the device shown in Fig. 443. This 
consists of two wedge-shaped wooden bars, A B, which to- 
gether form a bar a little larger than the core of the magnet, 
ainl two mortivsed heads, C 1), fitted to the bar with a space 
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of 4I inches between them. The head, D, is provided with 
a screw for clampinj^ the wedj^e bars, A B, and with an 
aperture, a, for the inner end of the wire. The heads are 
lined with thick paper, and the bar between the heads is 
covered with a single thickness, R, of heavy paper. 

The winding is begun b}" passing the end of the wire 
(No. 16 copper cotton-covered magnet wire) tlirough the 
aperture, a, allowing it to pi'oject about three inches, then 
winding the wire evenly over the bar from one end towartl 
the other until the head, C, is reached. Before the secv)nd 
layer of wire is wound, the first one is brushed over with 
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thin glue. I he second layer is then wound, starting from the 
head, C, and winding in the .same direction toward tlie head, 
D, and when the second layer is complete it is brushed over 
witli the glue, after which the thirrl layer is W(nmd and 
glued, and .so on, laying the wire on like thread on a spool 
until .six or eight layers have been ap])licd. 

To prevent the destruction of the coil by the loo.seuing 
of the ends of the wire, a loop of tape should be placed on 
the beginning of the first convolution and laid over the first 
laver of wire, so that it may be clamped by the second layer, 
and in a similar manner .some .stout threads should be placed 
between the outer layer and the adjacent layc-r, .so that they 
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may be tied ov'cr the last convolution of the last layer. 
After the glue has become thoroughly dry and hard, the 
heads, C D, are removed from the bars, A B, and the taper- 
ing bars are knocked out of the coil in opposite directions, 
their wedge shape facilitating this removal. Two coils pre- 
cisely alike are required. When they arc placed on the 
core, the outer end of one coil is connected with the outer 
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end of the other, and the remaining ends are connected 
with a battery. 

Fo gi\m the coils a I'lnishetl appearance, they may be 
coated with shellac varnish coloi-ed with a pigment of suit- 
able color, vermilion for example. 

Almost any battery may be used in connection with this 
magnet. The .simple plunge battery shown in Fig. 393 will 
answer admirablv. 
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EXt’ERIMEN'lS WITH THE ELECTKD-MAGNET. 

To the poles of the magnet should be fitted two short 
iron bars having conical ends. These bars will need no 
special fastening, as the attraction of the magnet will hoki 
them in place. 

In Fig. 444 is shown a simple way of reproducing Fou- 
cault’s experiment. A centrally apertured copper disk, 6 
inches in diameter, is attached by means of small nails to 
the end of a common spool, and the spool is mounted so as 
to turn on a screw inserted in a handle. The short iron 


FlGi>. 445 AND 446. 



bars are arranged on the poles of the magnet, as shown 
in the engraving, with the conical ends about one-fourth 
inch apart. A strong current is sent through the magnet, 
and the copper disk is whirled rapidly by quickly unwind- 
ing a string from the spool, after the manner of top spin- 
ning. The edge of the disk is therj inserted between the 
conical poie pieces, but without touching them. The rota- 
tion of the disk is almost instantly stopped. A sheet of cop- 
per moved back and forth between the pole pieces offers 
a sensible resistance. 
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Most c.vperiments in diamag^nctisni may be performed 
with this magnet. Short bars of various metals may be sus- 
pended, by means of a silk fiber, between the poles. Iron, 
nickel, cobalt, manganese, etc., will arrange themselves in 
line with the poles, while bi.smuth, antimony, and several 
other metals will arrange themselves across the line of the 
poles. The former are known as paramagnetic bodies, the 
latter as diamagnetic. 

Liquids placed in a watch glass, as shown in Fig. 446. 
exhibit paramagnetic or diamagnetic properties: by piling 
up at the center of the glass, as shown in the engraving, if 
paramagnetic, or by jailing up on opposite sides of the cen- 
ter, if diamagnetic. 

The coils of this magnet, being removable, may be used 
in magnetizing steel bars, and for other purposes requiring 
the coils only. 

'I'licre are about three pounds of wire in each coil of the 
magnet. 

EXPERIMENTS ILLUS I RATING THE PRINCIPLE ( >!■' THE 

DYNAMO. 

The great development of electricity in recent years, 
especially in the line of electric illumination, has ser'^ etl to 
add luster to the name of the immortal Faraday, ami to 
show with what wonderful completeness he exhausted the 
subject of magneto-electric induction. 

Since the close of his investigations no new principles 
have been discovered. I’hvsicists and electrical invent' ws 
have merely amplified his discoveries and inventions, ar.d 
ai)plied them to practical uses. 

I'he number ot those wlio are familiar with the disci v- 
eries of Faraday and their bearing on modern electiical 
science is not only large, but ra})idly increasing, but there 
are those who arc still learners, te) whom new things, or old 
things placed in a new light, are ever welcome. Te> such, 
the simple experiments here given ma\’^ be an aid to the 
undenstanding of induction as developed in dynamos and 
motors. 

Any one at all acquainted with electrical phenomena 
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knows that a hardened steel bar surrounded by a coil of 
wire which is travez’sed bv an electric current becomes per- 
manently magnetic. It is perhaps unnecessary to reiterate 


Figs. 447 and 448 
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Maunt'ii/alion of Ste •! Har. M<iunt‘io-KU‘Ctiic iiuluction. 


t he accepted theories (.)i tins action, as the}’ are well estab* 
lished and a[)pear in almost t .'.z’v text book ol physics. 

riic fund imeiilal niagnt to-clectrical cxpei'iincnt ol I'ar- 
aday was e.vaetlv the i'evei'''C of tlie operatizjn ot jiroducing 
a may:net bv means of an electrical curient. That is, it was 



the production of an elcctiical current by means of a mag- 
net and coil. In the first instance the magnetizing power 
of the electric current is employed to bring about the mole- 
cular change in the steel bar, which manifests itself in polai'- 
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ity. la the second instance (he nuif^^netizcd steci l>ar is 
nuide lo j^cncrate an electric current in the wire of the 
coil, la the first instance flie current moving’ in the wire 
of the coil induced magnetism ia tlie steel. Ta the second 
instance the movement of the magnetized steel within the 
coil induced a current in the wire. 

riie method of magnetizing a bar of steel is clearh’ 
sliowa ia Fig. 447, ia which a is a helix of six fir eight ohms 
resistance, b the bar of hardened steel, and c a battery of 
four or fivf' elements. A key is placed ia the circuit, but 
the ends of the wires may be made to serve tin* same jmrpose. 
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Iiulucrd from Inducted iMdsrnctism. 

Hv closing and opening t he ciix nil while the steel bar is within 
the coil, as shown, the bar becomes iastantlv magnetic. 
\Vhea the ctiil is disconnected from the battery and con- 
iieclf'd with a galvanometer, </, as shown in Fig, 448, and the 
magnet, /i, is suddenh' inserted ia the coil, the needle of the 
galvanometer will lie deflected; but the action is only 
laoimmtarv. The needle returns immediately to the point 
of starting. When the magnet is <piickly withdrawn from 
the coil the needle is deflected tor an instant, but in the op- 
[xisite direction, and as before it immetlu'telv returns to the 
l)oint of starting. It is obvious (hat if these electric pulsa- 
tions ciA be made with .sufficient rapidity to render them 
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])racricaUv coatiiuious, aiul ii thu\' can \)c corrected so that 
pulsations of the s unc name will always flow in (he same 



tlirection, the current thus pro- 
lIucccI inav he utilized. 

Before ])roceeding f u r t ii c ! 
witli the consideration of ina^ 
neto-electiic induction, it will he* 
necessary briefly to examine the 
'^uhjt ( t o! mai>*netic induction, 
as it is intimately connected with 
tlu‘ ai'tion of the dynamo. In 
ViiX- 449 is illnstiated the usual 
experiment exhihitim;' this [)l\e- 
nomenon. The t‘ha't ro-inaj^net is 
coniuaied \yith a suitable' battei x* 
and a bar of solt iron is hc'ld neai 
l)ut not in contact with onc‘ ot 
the- poles of the wrti^nci. It be- 
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coiius ina,ti;netic- V)v induction, the 
end nearest the magnet, beiii”- ol 
a name dilferent from that, ol the 


j)ol<- 1)\ whieli tlie indnc'tion is effected. I'ln' end ol the 
bar remote from tlie mae'm t exhiitils maj.i’netism like tliat 
(A the })o]e of the mai^nc-t. The rela- 
tion of maj^netic induction to maf^neto- 
electric induction is clearlv shown b\ the 
experiment illustrated in Fij.^. 450. In 
this case two eleetro-nuii^nets are arranged 
with their poles lu ar each other or in con- 
tact. One of them is connected with a 
galvanometer, and the other with a bat- 
tery. When the circuit of the upper 
maj^nct is closed, the core of that magnet 
becf>mes mag'netic, the core of the lower 
mantlet becomes matjnctic bv induction, 
and the galvanometer needle is deflected. 

When the circuit of the upper magtiet is 
broken, the galvanometer needle is deflected in the opposite 
direction, showing that the results are precisely the same 

S 
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as in the ex|xriinent illustrated hy Fij^. 448. In this case 
no mechanical mov'cment is necessary, as the magnetism is 
intrcKluccd into the coils of the lower ma'^net by induction. 
It is thus shown that it is not necessary to move any matter 
in the neighborhood a magnet to secure magneto-electric 
induction. In Fig. 451 is shown an arrangement of electro- 
magnets in which one is fixed, while the other can be 
revolved. It is a device intended simply for showing how 
two ordinary electro-magnets may be utilized to advantage 
in experiments in induction. 

fo the j)olar extremities of the fixed magnet is fitted a 
wooden cross bar, having in its center an aperture for re- 
ceiving the vertical spindle, the lower end of which is jour- 
naled in the clamp tiuit holds the fixed magnet to the base. 
The uj)per end of the spindle is provided with a yoke for 
holding the movable magnet. The cross bar which clamps 
the magnet in the yoke is he.d in place by two screws, as 
shown in Fig. 453, and to the center of the cross bar is 
attached a wooden evlinder, <■, axially in line with the spin- 
dl(‘. 'I'o the wooden cvlindc'r are secured two curved brass 
plates which are connected electrically with the terminals 
of the coils, a /i , ol the movable magnet, one plate to each 
coil. I'wo strips of coppei, g g. held upon opposite sides 
of the evlinder, comj)lete the commutator. The copi)cr 
strips are coniK-cted with anv device capable of indicat- 
ing a current — in the present case an electric bell — and the 
coils, (/ (I , of the fixed magnet are connected with the bat- 
ter\ , e. 

B\ turning the upper magnet, the lollowing phenomena 
will be observed: 1. When, bv turning the movable 
magnet, its poles are pidled away Irom the fixed magnet, 
the dej)artur(' of the induced magnetism trom the core of 
the movable magnet j)roduces an electric jculsation in the 
coil which o{)erates the electric bell. When, by a contin 
uc'd movement of the magnet in the' same direction, the 
poles excliange ])osition, another electrical impulse will be 
induced by the remagnetization of the movable core, and 
the bell will be again operated. J. liv examining these im- 
pulses bv means ot a galvanometer introduced into the 
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circuit, it will be found that they are of the same name. 
3. When the magnet is turned a little faster, these two im- 
pulses will blend into one, so that for each half of the rev- 
olution of the magnet the bell yields but one stroke. 4. By 
whirling the magnet quite rapidly, the current through the 
bell magnet is made practically continuous, so that the bell 
armature is drawn forw.^rd toward the magnet and held 
there. 

From what has been said, it will be seen that all of the 
positive electrical impulses are generated upon one side of 

the poles td the hxed magnet, and 
al. the negative impulses are 
generated upon the other side of 
the fixed magnet, and that the 
curved ph.tcs of the commutator 
conduct all of the positive elec- 
trical im})ulses to one (jf the 
strips, .g.g', and all of the negative 
impulses to the other strip. 

In Fig. 454 is shown an 
arraugv.mcnt of connections to 
convert .he device intcj a motoic 
In this case the battery cin- 
renf passes through both the 
stationary and movable magnet, 
but it is commuted in the up])er 
magnet so that it clianges direc- 
tion twice during each revolutiem, the change occurring 
when the poles are in opposition, or a little in advance of 
reaching tliis jjosition, t(i compensate for the lime reciuircd 
to magnetize and demagnetize the core of the movable 
magnet <jr armature. The direction of the current in the 
movable magnet or armature is such that as its p(jles are 
approaching those of the fixed magnet, its magnetic charge 
will be of opposite name to that of the fixed magnet, so 
that attraction will result,, but as soon as the jn^les arc in 
opposition, the current in the movable magnet being re- 
versed, there is repulsion. Jn a motfu* f)f this kind these 
operations succeed each other with great rapiditv- 


Fig 454. 
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The fifty cci'.t toy electro-motor is shown in the annexed 
cnj^raving. It embodies the main features of the apparatus 
shown in Fig.454, differinji^ oniv in havinj^ a permanent fixed 
magnet instead of an electro-magnet. 

The vertical spindle which carries the armature is jour- 
naled at the lower end in the middle of a U-magnet and at 
the upper end in a brass cross piece attached to the poles of 
the magnet. The armature consists of a cross arm of soft 
iron wound with four or five layers of fine wire. The ter- 
minals of the winding of the armature are connected with a 
two-part commutator carried by the s])indle, and touched bv 
two ctjmmutator springs supported l)y wires driven mto the 
base. .V metal stud- rising from the base, is connected with 
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one of the commutator springs, and is provided with an 
insulating covering on its sides, while its upper end is bare. 
Upon the stud is placed an annular cell of carbon, which is 
touched on its outer surface by a spring connected with the 
remaining commutator siiring. The cell forms one of the 
elements of the battery. The other element consists of a 
bar of zinc provided with a central ajierture for receiving 
the upper end of the stud, and having its ends bent down- 
ward. The cell is filled with a solution of bisulphate ot 
mercury in water. .\.s the salt is reduced bv chemical 
action, a current is produced which wdll run the motor at a 
high rate of sjieed. The motor is fitted wdth a wheel or 
plate for carrying color disks, similar to those accompany- 
ing the chameleon top. 
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EXPERIMENTS 1 LLUS I'RATINC THE PRINCIPLE OF THE 

DYNAMO. 

After noticin';? the effect of phin^inj? a magnet into a 
coil of wire, it is not very clifhcult, in the light of present 
electrical knowledge, to understand how the process of 
induction is carried on in a continuous wav in the armature 
of a dynamo. 

The simplest form of armature for illustrating this point 
is undoubtedly that known as tlie (Tramme ring armature. 
It is perhaps unnecessary to go into the details of the 
construction of the Gramme ring, as commonlv used in 
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dvnamos. A ver\- crude ring answers the present purpose. 
Its core is formed of a compact circular coil of soft iron 
wire, which, in cross section, may be circular or <4 any 
other f'jrm. The core is wrapped with lape and varnished 
to insure insulatujn. 

Around this iron ring or core is wound an insulated 
copper wire, arranged in a spiral coil.y", like the winding of 
an ordinary electro-magnet. The ends of the co])per wind 
ing are joined by s'^ldering, thus forming a closed coil. 'I'he 
ring is mounted upon a circular wooden supi>orf attached 
to a spindle, so that the armature may be revolved in front 
of the poles of a magnet, a a , as shown in Fig. 456. In the 
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vvoodon support, in :i circle concentric with and near the 
spindle, are inserted six (jr eij^ht wire nails, c', arranj^ed at 
ecpiidistant })oints. The coj>per winding of the ring isspaced 
off into as many sections as there are nails in the circular 
row, and at the end of each section the insulation of the 
co])j)er wire is removed a short distance, and a wire, i, is 
attached by soldering. These attached wires are each coiv 
necled with one of tlie wire nails. ^,^1. 45S. 

Now, all that remains to complete 
the Gramme dynamo or motor is 
the aj)j)lication of two conductors, 

to the circular row of wire / [ 

nails, as shown in Figs. 457 and 45S. Jj-a/ 

This dynamo has all of the / 

essential features of the regular ^ 
machine — the field magnet, the 
iron armature core, the conductor e' 

wound upon the core, the com- 
mutator cylituler formed of the 

wire nails, and tlie brushes consist- A.nmu.e. 

iiig ol wires iield on opj^osite sides of the commutator 
evlinder. 

rids dynamo is constructed for illustration onlv,and not 
for jiractical use. It will geneiate a current, and may be 
<lriven as a motor bv a current, but of course not with the 
same advantage as a more complete machine. 

In investigating the phenomena of the armature, it is well 
Fk.. 4:;,). ti) begin with the simplest case 

""iMn ‘*1 magnetic induction. When a 
^ bar of soft iron is held before the 

X ))ole.s of a magnet, as shown in 

Fig. 459. it becomes itself a mag- 
Mairuftic Indiution. net. The magnetism developed in 
the bar bv the action of the magnet is opposite that of the 
magnet. Phat is, the magnetism devclopetl in ihe end ol 
the bar opjiosite the N pole of the magnet is S. and, simi- 
larlv, the magnetism deveUnied in the end of the bar 
opposite the S pole is N. The center of the iron bar is 
neutral. 


Deiails of Aiinatuie. 


■ ■ ■ 


Matxnctic Induction. 
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Induction in an Iron Rinu. 


By substitutina^ an iron rinj^ for the straight bar, as 
shown in Fig. 460, the effect will be the same. The por- 
tions of the ring opposite the poles of the magnet acquire 
polarity bv induction, as in the first instance, and the mag- 
netism extends in the ring fron\ the vicinity of the poles 
^ toward the neutral line, 

X XX. which forms a right 

O angle with a line joining the 

poles of the magnet. In 
iMp- tlie figure of the ring the 
location of the magnetism 
in the ring is indicated by 

Bv turning the ring up- 
^ on its axis, the material of 

Induction in .,n Iron Ring. 

polarity of the ring maintains a fixed position relatiye to 
the poles of the magnet. 

When the ring carries a coil, as sluiwn in Fig. qdi, the 
magnetic poles of the ring remaining stationary while the 
material of tiie ring and coil are revolved, there is a contin- 
ual passing <»f the sections ol the coil through the magnetic 
field surrtjunding the itol- 
arized portions oi the anna- x 

ture core and the [loles <4 

the magnet, which is some- j, / 

what the same in elh.'ct as 

the passing of a magnetic ^^3 0 

bar thnjugh the eoil of the ’ Tlr**i 

The principal inductive 
effect is produced by the 
pa.ssmg ol tlie cmiductor 

through the magnetic field of the inducing magnet. Fach 
half r^f the armature between the neutral points is |»racfi-. 
cally a single coil of wire, terminating at tw<» ol the coni- 
mulator bars — wliich in the \ncsent case are the two nails 
— nt dhinwtricaUy (^ppo.site sides of the commutator cyl- 
inder; all ol the remaining commutator bars and their 
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connections being' idle. In Fig. 456 two circuits are shown 
in connection with the machine — one in full lines, the other 
partly in dotted lines, both connected with the battery, c. 
When the circuit represented in full lines only is employed, 
the machine runs as a motor. When the wires shown by 
lull lines are disconnected from the brushes, the rotation 
of the armature in the field of the magnet, a a\ produces a 
current in the manner already indicated, and this current 
is taken from the armature by the way of the wires, /, the 
nails, c\ and the brushes, 

This machine when used as a generator is strictly a mag- 
neto-electric machine, although an electro-magnet is em- 


Fig. 462. 



OrLini Armature. 

ployed as a field magnet. A })ermanent magnet might be 
substituted for the electro-magnet. 

In the Siemens, Edison, Weston, and many other dyna- 
mos, the drum armature is used. This is shown diagram- 
matically in Fig. 462. 

In this case the beginning of one coil and the end of the 
next preceding coil is connected with one commutator bar, 
and this order is maintained throughout the entire winding. 
This arrangement causes the current to flow always in the 
same direction, as the armature is revolved in the magnetic 
field.* 

Scientific American Supplement 600 contains lull information on the 
construction of an eiglit-liglit th namo having a drum armature. Thompson’s 
Dynanio-Eleclnc Michincrv ’’ and Hering\s ’•Dynamo-Electric Machines’" 
may be consulted for inlormalion on dynamos. 
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In the diagram only four coils and four commutator bars 
are shown. In the actual machine the armature is divided 
up into a large number of sections. 

.M.VCiXETO-ELKCrRIC M.VCFIINES. 

It has been already shc^wn that it makes no material dif- 
ference in the result whether a magnetized steel bar is intro- 
duced into the coil, as in Fig. 44S, or whether the coil is pro- 
vided with a soft iron core capable of being magnetized by 
induction, by contact with, or proximity to, a permanent 
magnet. 

Fig. 463 illustrates an experiment of this kind, in which 
ths coil. A', of very fine wire, is provided with a permanent 
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soft iron core, and is connected with the galvanometer, B'. 
By placing the pules of a permanent hoiseshoe magnet in 
c<.»ntact with the projecting ends of the soft iron core of the 
coil, the core instantly becomes a magnet by induction, and 
a current is set up in the coil in the same manner as in the 
former experiment. When the magnet is removed, the mag- 
netism of the core departs. I his is equivalent to the 
removal of the magnet from the coil in the experiment illus- 
trated in Fig. 448, and the result is a momentary current in 
a direction opposite to that of the first. 

The inductive effect of the magnet is much the same if 
the bobbin of fine wire be placed around a permanent mag- 
net and the magnetic tension be disturbed by the application 
and removal of an armature. The Bell telephone (the es.sen- 
tial parts of which arc shown in Fig. 464) is a familiar e.xam- 
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plc of this species of genenitor of induced currents. When 
the diaphragm, actinj^ as an armature, apprf)aches the mag- 
net, a nionientary current is set up in the bobbin, .V", in one 
direction, as indicated b> the galvanometer, B ", and when 
the diaphragm recedes from tiie magnet the current set up 
in the bobbin is in the o]>posite direction, fn the telephone 
these currents have sufficient ])ower to operate a second 
instrument of the same sort; but owing to the fact that the 
armature is very light, and never touches the magnet nor 
recedes very far from it, and the further disadvantage arising 
from the use of a bar magnet, the apparatus cannot rank 
high as a generator of electric currents, howev^er well it 
may serve the purpose of a telej>hone. 

Fi<;. 464. 
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Another form of apparatus (Fig. 465), operating (m the 
same principle, generates currents sufficiently powerfid to 
work a polarized bell annunciator over a line scveial 
miles long. This magneto key is made by clamping two six- 
inch horseshoe magnets upon opposite sides of two soft iron 
pole extension pieces, a, one-half inch in diameter, one and 
a half inches long, and projecting one inch beyond the poles 
of the magnets. Each extensit)n piece is provided with a 
bobbin, D, one inch long and one and a cpiartcr inches in 
diameter, filled with No. 36 silk-covered wire. These bob- 
bins are wound and connected like the spools of an electro- 
magnet, and have a combined resistance of 200 ohms. 

In front of the poles of the magnet an armature, E, one- 
quarter inch thick, a little longer than the width of the 
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extremities of the mag^nct, and about one inch wide, is piv- 
oted at its lower edge, and provided with a key lever by 
which it may be drawn from the poles of the magnet. A 
spring under the key lever throws the armature back into 
contact with the magnet. This is a simpli-fied form of Bre- 
guet’s exploder, used in firing blasts in mines, and although 
much smaller than the apparatus referred to, it is capable 
of ringing a polarized bell over fifteen or twenty miles of 
wire, and will give a powerful shock. 

It is a convenient and inexpensive apparatus for signal- 
ing. and is particularly adapted to the tele])hone when used 
in connection with the polarized annunciator or polarized 
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Maj^netic Key. 


bell, presently to be described. In this apparatus like poles 
of the magnets must oppose each other, and the clamping 
pieces and screws should be of non-magnetic material. If 
two magnets do not jn-oduce a current of sufficient strength 
for the intended use, two more may he adtlcd. 

In this form of magneto-induction apparatus the action 
of the magnet and coil is identical with that of the Bell tele- 
phone. This action is similar to that of two permanent 
horseshoe magnets having their unlike poles in contact. In 
this ca.se the opposing poles neutralize each other to such an 
extent as to almost destroy all magnetic effects. On sepa- 
ting the poles of the two magnets they regain their normal 
magnetism. The case is much the same with the mag- 
netic key. The armature, K, when ap[)lied to the pole ex- 
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tensions, becomes a magnet by induction, and by its reaction 
upon the magnet neutralizes the power of the magnet and 
produces nearly the same result as withdrawing the magnet 
from the bobbin. When the armature is withdrawn sud- 
denly from the magnet, the effect upon the wires of the bob- 
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I)ins is the same as would be produced by introducing into 
them the poles ol the magnet. 

To render the electrical pidsations of this class of 
machines very frcijiient, the armature may be rotated, as 
shown in big. gAb. which represents a modification ot an old 
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.md well known magnetic-induction machine, in which the 
bobbins, T)', are placed on pole extensions of the magnets. 
C . and the variations in magnetic force are produced by 
Jthe wheel armature, lb. 

Another method of generating current - by a rotary 
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movement of the armature is to make the armature in the 
form of an electro-mai^not, and mount it upon a rotatin'^ 
spindle so that it may revolve in close proximity to the 
pt)les of a stronjj' permanent horseshoe magnet. Phis form 
of machine, which is the invention of C'larke, is shown in Fii^. 

467. It has louij;^ been used for 
medical purposes, anti before the 
invention of tlie more recent 
machines was em])loved for elec- 
tro-metaliurii'v anti for otluu' i)ur- 
poses. 

The elect ro-inat;netic anuature, 
G, is mounted on a shalt, so that it 
mav revolve very near but not in 
contact with the poles of the com- 
pound mai^net. F. One of the ter- 
minals ot the bobbins is in elec- 
trical connection with the shaft, 
llie othc'r is connected with an 
insulated ferrule on the shaft. The alternating^' current is 
taken off by two sprinii-s, one touching- the insulated ferrule, 
the other bearine,' as^ainst the shaft. When the cuncait is 
required to Mow in one direction, the insulated ferrule is 
split lone;^itudinally into two cxjual separate halves, each 
of which is connected with one 
terminal of the armature wire. 

This split ferrule, to_<^ether with 
spriners, II, which press upon its 
diametrically o j) p o s i t e sidc-s, 
forms a commutator which sends 
the momentarv currents of like 
name all in one direction. 

The slots of the ferrule are 
arranged relative to the springs, 

H, and armature, so when . the polar faces of the armature 
crccss a line joining the poles of the jjermanent magnet, the 
springs will leave one-half of the ferrule and touch the other 
half. 

Fig. 468 shows a modification of Clarke's machine, in 
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Magntto El':ctric Machine, 


482 


EXPERIMENTAL SCIENCE. 


which the permanent magnet, F', is provided with pole 
extensions of soft iron surrounded by fine wire bobbins, D 
These bobbins are connected like an electro-magnet, and 
when the armature, G', is turned so as to send a direct cur- 
rent through the springs, I T, an alternating current may be 
taken from the bobbins, D 

Fig. 469 shows a kind of eommutator designed for short- 
circuiting the machine through a part of the revolution, so 
that when the short circuit is broken a direct extra current 
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Plan View of Magneto-Electric Machine. 


capable of giving powerful shocks will pass over the con- 
ductors leading from the machine. Each half, d, of the 
commutator ferrule is provided with an arm, r, terminating 
in a curved piece, attached to opposite sides of the insulat- 
ing cylinder, c. The curved pieces, g, are pressed by springs 
which are electrically connected with the commutator 
springs on their respective sides of the cylinder, so that 
when the picce,,^, is touched by its spring and the ferrule, d, 
is touched by its spring- — the two springs being in electrical 
communication with each other — the machine is for the 
moment short-circuited, but when contact with g is broken, 
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the extra current passes by the usual channels from the 
machine. 

A magneto-electric machine equal in power to three or 
four Bunsen elements is shown in Figs. 470, 471, and 472. 
The compound field magnet is composed of twelve six-inch 
horseshoe permanent magnets, K, arranged in two groups 
of six, with their like extremities clamped between curved 
soft iron bars, J, as shown in the vertical longitudinal sec- 
tion, Fig. 472. These bars consist of sections cut from com- 
mon wrought iron washers, 3 inches external diameter, ^ 
inch thick, and having a if inch hole through them. The 
washers are all drilled to receive the bolts, h h, before they 
are cut in two. The washers, J, and magnets, K, are 
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Transverse Section of Magneto-Electric Machine, 


placed in alternation and clamped between brass angled 
plates, L, by which the middle portion of the field magnet 
is fastened to its base. The magnets are further secured to 
the base by standards, j, which clamp the sides of each 
group of magnets, the magnets being kept the proper dis- 
tance apart by interposed strips, /. 

The bars, J, are cut away on the inner edges, forming an 
approximately elliptical opening for receiving the armature, 
I, which is a very little less than* if inches in diameter, and 
is inches long. It is of the Siemens H type, and is 
wound with four parallel silk-covered No. 32 wires, which 
terminate in eight insulated metallic blocks on the switch, 
-M, one block to each end of each wire. 

The switch is shown in detail in Fig. 47^ — i, 2, 3, 4, 5,6, 
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7, 8 being the terminals of the wires of the bobbin. The 
blocks, I and 5. represent the ends of the first wire, 2 
and 6 representing the ends of the second wire, 3 and 7 
the third, and 4 and 8 the fourth; 15 and 16 are curved 
brass pieces capable of being plugged into connection with 
the blocks just mentioned, by means of screw plugs, shown 
in place in the engraving. The pieces, 15 and 16, are con- 
nected respectively with the two halves, O P, c)f the com- 
mutator cylinder. 

At the ends of the curved pieces. 15 and 16, there are 
metallic blocks, 17, 18 — the block, 17, being connected by a 
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Switch of the Magneto-Electric Machine. 


wire with the metallic boss of the rubber wheel upon which 
the switch is mounted ; the block, 18, being connected by a 
wire with a brass ring, Q, on the rubber support of the 
commutator. 

Inside the blocks, i to 8, there are six metallic blocks, 9, 
10, II, 12,13, 14, connected together by wires as shown. The 
opposite sides of the commutator cylinder are pressed by 
springs or brushes, K, which are sustained by an insulating 
support and are provided with binding posts for receiving 
the wires for conducting away the direct current. A spring, 
T, touches the end of the armature shaft, and has a binding 
post for receiving a wire conductor, and a spring, U, sus- 
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tained by an insulator attached to the angle plate, L, has a 
binding post for receiving a conductor. 

This machine will yield currents of three different inten- 
sities, and will deliver them either direct or alternating, and 
it answers admirably as a motor. 

To obtain a quantity current the screw plugs are inserted 
as shown in Fig. 473, so as to connect i, 2, 3, 4 with 15, and 
5, 6, 7, 8 with 16. In this condition it may be used as a 
motor. 

The success of the machine as a motor depends in 
a great measure on the adjustment of the commutator. Its 

Fig 474. 



Polarized Bell. 


slit should be nearly opposite the center of the open space 
or groove in the armature. 

To secure a current of higher voltage, connect 5 and 6 
with 16, connect i to 2 and 2 to ii, connect 12 to 7 and 7 to 
8, and finally connect 3 and 4 with 15. To get the highest 
voltage, connect 5 to 16, i to 9, 10 to 6, 2 to 1 1, 12 to 7, 3 to 
13, 14 to 8, and 4 to 15. Direct currents are taken from the 
springs, R, alternating currents, are taken from the springs, 
r, U, after connecting 15 to 17 and 16 to 18. The quantity 
current is obtained from four parallel wires, which are 
equivalent to one wire having four times the sectional area 
of the single wire and one-fourth the length. When the 
medium current is secured the wire is doubled, so that it is 
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equivalent to a wire having twice the sectional area of the 
single wire and one half the length. For the high voltage 
current the full length of wire is used single. 

Fig. 474 represents a Siemens polarized bell, in which an 
iron yoke, w, is supported from the elongated ends of the 
yoke of the magnet, /, by two bi'ass studs. The yoke, w, 
supports the pivots of the bell armature, n, also the studs 
upon which the bells are placed, and to it is secured the 
magnet, p, which is bent under the yoke of the magnet, 4 
without touching it. 

Fig. 475 shows a similar but simpler device, in which 
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Simple Polarized Bell. 


the poles of the magnet, /', are fitted with a brass yoke, 
which supports an iron frame in which is pivoted 
the armature, n\ and to which the bell is attached. This 
frame has a socket, o' , for receiving one of the poles of a 
horseshoe magnet, />, the other pole of which touches the 
yoke of the magnet, I' . 

The polarized annunciator shown in Fig. 476 has two 
soft iron cores, r, carrying two bobbins of fine wire con- 
nected like the spools of an electro-magnet. In front of 
these soft iron cores there is a light delicately pivoted plate, 
s, of iron, which is held in contact with the cores, r, by 
magnetism induced in them by a magnet, /, clamped in the 
middle and capable of being adiusted by a spring and screw 
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at the bottom. The iron annunciator plate, s, has sufficient 
inclination to cause it to drop if released from the cores, r. 
The magnet is placed so near the cores, r, as to impart to 
them just enough attractive force to hold the plate, s, and 
no more. 

The polarized bells and annunciator may be worked by 
either of the instruments shown in Figs. 465, 466, and 467, 
and will be found for many uses pre- 
ferable to electric bells and annuncia- 
tors operated by battery currents. 

HAND POWER DYNAMO. 

Fig. 477 is a perspective view of 
a small hand dynamo, which is shown 
half size in detail in Figs. 478, 479, 

480, and 481. This is a Siemens H- 
armature machine, which is as efficient 
as any small dynamo, while it has the 
advantage of being readily understood 
and easily constructed. The field 
magnet is, for the sake of con- 
venience, composed of two pieces, 

A B, which are exactly alike except- 
ing that the connecting piece, C, is 
cast with the piece, A. The parts, 

A B, are planed at their juncture at 
the top, and secured together by two 
bolts which pass through the part, C. 

The lower ends of these parts are Annunciator, 

also planed to receive the brass 

plate, E, which is secured in place by dowels and screws, 
two of each entering each part. The cylindrical cavity 
which receives the armature, G, is bored out truly and 
smoothly of a uniform caliber from end to end. The 
edges of that portion of the field magnet around which the 
wire, D, is wound are rounded and a piece of cotton cloth 
is wrapped around each core, and secured by means of 
shellac varnish. Upon this is wound seven layers of No. 
16 cotton-covered copper wire. The limbs of the magnets 
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are wound in the same direction, or in such a way that 
when the two portions, A B, are placed end to end, one coil 
would be simply a continuation of the other. The inner 
ends of ^he coils are connected tog-ether, while their outer 
ends are of sufficient length to run downward through the 
base, and bend outward at m o, and are connected with the 
binding posts, n /. 

The armature, G, consists of a cylindrical piece of soft 
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Hand Power Dynamo. 


cast iron grooved longitudinally and across the ends, and 
wound with Xo. 1 8 cotton or silk covered copper wire. It 
is, in fact, a very short and wide bar electro-magnet, having 
enlarged and elongated ends of the form of a segment of a 
cylinder. In diameter the armature is only a very little less 
than that of the cylindrical space between the parts, A B, 
of the field magnet, and its length is little less than the 
width of he field magnet. In Figs. 478 and 480, G' is the 
core of the armature around which is wound the wire, H. 
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To opposite ends of the armature are fitted the brass heads, 
1 J, into which are screwed the shafts, b c. The core, G', of 
the armature is filed to remove roughnesses and hard scale, 
and the heads and shafts are fitted to the ends of the 
armature before it is turned and fitted to the cylindrical 
space in the field magnet. The shaft, is journaled in a 
brass support, L, which is attached by screws to the edges 
of the parts, A B, of the field magnet. The shaft, r, is jour- 
naled in a similar support, M, which is secured to the oppo- 
site side of the electro-magnet. Outside of the bearing, L, 
upon the shaft, b, is secured the pulley, d, and between the 
support, M, and the head, J, the commutator is placed upon 
the shaft, c. The commutator consists of a vulcanite cylin- 
der, r, having upon its periphery a copper or brass ferrule, 
which is slit longitudinally at diametrically opposite points, 
forming the insulated segments, These are secured to 
the vulcanite cylinder by small brass screws, and the slits 
are placed exactly opposite the center of the longitudinal 
grooves in the armature. The commutator is prevented 
from turning on the shaft by a set screw, and with the seg- 
ments, f g, are connected the terminals of the armature 
coil, H. These terminals pass through holes in the head, 
J, which are lined with an insulating material. 

To opposite sides of the support, M, are secured the 
copper commutator springs, h i, each consisting of five or 
six thicknesses of thin, hard-rolled copper. They are both se- 
cured by screws, and insulated from the support by vulcanite 
buttons,/ The spring, h, is bent forward over the commuta- 
tor and bears upon it with a slight pressure. The spring, i, 
is bent so that it touches the commutator at a point dia- 
metrically opposite the contact point of the spring, h. To 
the spring, //, a wire (No. 14) is soldered, and extends down- 
ward through the wooden base of the machine; a similar 
wire runs from the spring, i. As the design of this machine 
is such that the field magnet may be connected with a bat- 
tery, so that all of the current from the armature may be 
utilized in the external circuit, instead of allowing a portion 
of it to pass through the helices of the magnet, two extra, 
binding posts, u v, and a switch, N, are added. 
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The connectio’".s under the base are as follows: 

The terminals, m 0 , of the field magnet arc connected 
with the binding ])osts, n p. The commutator spring, //, is 



connected by the wire, k, with the binding post, 7'; the com- 
mutator spring, /, is connected with the switch, N, by the 
wire, /. The switch button, is connected with the binding 
post, /, by a suitable wire, and the switch button, jr, is con- 


Hand Power Dynamo— Horizontal Section — Half Size, 
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nected with the binding post, «, by the wire, /. All of these 
connections should be made with No. 14 wire. A support, 
O, for the shaft, P, is secured to the top of the electro-mag- 
net. The shaft, P, has at one end the driving wheel, Q, and 
at the other end a crank for operating the machine. A one 
inch belt, R, runs around the ])ulley, </, and the wheel, Q. 

When the machine is driven by power the pulley, d, may 
with advantage be larger. The size of the wire on the mag- 
net and armature may be varied for some special purpose, 
but for general use the sizes hei*e given are recommended. 
The slit in the commutator should be made slightly diagonal, 
so that one section of the copper ferrule will touch the 
spring before the other section leaves it. The armature 
should fit in the magnet as closely as possible without rub- 
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Armature and Commutator — Lonfifitudinal Section. 


bing. The parts indicated as brass or copper should be 
made of these metals, as a magnetic insulation is required 
wherever they are used. 

When the switch, N, is in the position shown in the 
drawing, the binding posts, // v, being connected by a wire, 
the current passes from the j)ost, 7', through the commuta- 
tor and the armature, thence by the wire, /, to the switch, 
thence through the button, r, and by the wire to the post,/*, 
thence through the field magnet to the post, n, through the 
terminal, in. When the machine is arranged in this man- 
ner, the wires leading from the machine arc taken from the 
posts, V The full power of the machine is developed an 
instant after the connection of the po.sts, v n. 

By moving the switch, N, into contact with the button, J, 
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and connecting a battery of six or eight Bunsen cells with 
the posts, u p, the magnets are excited without detracting 
from the power of the armature, and the current from the 
latter is taken through the wire, k, as before, to the post, v, 
but the wire, /, is now in electrical connection with the 
binding post, n, through the switch, N, butpjn, s, and wire, 
t ; therefore the current is taken away from the machine by 
inserting wires in the posts, « v. 

When not connected with a batter}-, this machine will 
heat from four to six inches of No. 36 platinum wire. It 
will rapidly decompose water when the ends of the wires 
are dipped in water slightly acidulated. It will run an 


Fig. 481. 



Transverse Section of Conimuiator. 


induction coil. The extra current from this machine is suffix 
cient to give strong shocks, ignite powder, etc. By connect- 
ing it with a helix or electro-magnet, small permanent mag- 
nets may be charged. For many purposes this machine 
will be found equal to four or six Bunsen cells. 

When a battery is employed to excite the field magnet, 
the current is very much inci'eased. For example, it will 
then heat twelve inches of platinum wire instead of four or 
six inches, and it will afford a current sufficient for a strong 
electric light. The speed has much to do with the amount 
of current produced by the machine. The speed should be 
from 1,200 to 1,500 turns of the armature per minute. The 
drive wheel in the example given may with advantage be 
made much larger, say two feet in diameter. 
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ELECTRO-PLATING DYNAMO. 

The electro-plating dynamo differs from the one already 
described chiefly in its winding. For metallurgical work a 
large current of low voltage is required. For electro-typ- 
ing, an electro-motive force of three to four volts is suffi- 


Fig 482. 



Electro-Plaliijg D3’nam(>. 

cient, while for nickel plating it should run up to about 
six volts, and for silver plating to about five. 

In a small dynamo, like the one illustrated in Fig. 482, it 
is impossible to secure as wide a range (jf electro-motive 
force or of current as can be realized in a larger machine, 
but by varying the speed and by introducing more or less 
resistance in the external or intern'd circuit, the current can 
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be adapted to most uses of the amateur. In the construe- 
tion of this dynamo all of the dimensions of the cores and 
polar extremities of the field magnet and of the armature 
core, as given in the description of the hand power dynamo, 
are followed except in regard to the thickness of the waists 
of the field magnets and their polar extremities. These 
dimensions are here increased by adding yi inch to the 
thickness of the waists and inch to the thickness of the 
polar extremities, thus increasing the amount of iron in the 
field magnet. 

The armature is wound with five layers of No. 12 cotton- 
covered magnet \\ ire, and the terminals of the coil are con- 
nected with the halves of the commutator cylinder as shown 
in Fig. 483. 

The commutator cylinder is formed of two sections cut 


Fig. 483. 
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Armature of Electro-Plating Dynamo— Half Size 


from a copper tube and mounted upon a hub of vulcanite 
or vulcanized fiber, the tube sections being separated from 
each other so as to form diagonal slits in diametrically oppo- 
site sides of the cylinder, as shown. 

rhe brushes are supported by mortised studs inserted in 
the ends of a cross bar of vulcanized fiber mounted on the 
journal box of the armature shaft. The threaded ends of 
the mortised studs project through the cross bar to receive 
binding posts which are screwed down tightly on the bar. 
In the mortises of the studs are placed the brushes, which 
press lightly upon the commutator cylinder. The brushes 
are formed of several thicknesses of thin hard-rolled copper. 
The field magnet is wound with twelve laj'ers of No. 18 
magnet wire, and is connected as a shunt to the armature. 
That is to say, the terminals of the field magnet wires are 
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connected with the same binding posts that receive the 
wires from the commutator brushes, as shown in Fig. 484. 

The conductors of the external circuit are also connected 
with these binding posts. When the connections arc 
arranged in this way, the current divides at the binding 
posts referred to, a part going through the wire of field 
magnet, another part going through the external circuit, 
which in the present case includes a plating solution. 

To the negative conductor is attached the cathode or the 
plate or object which is to receive the deposit, and upon 
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Coniiertions of Plating D} riamo. 


the positive conductor is suspended the anode or plate from 
which the metal for the deposit is supplied to the solution. 

Unless the dynamo is at first started with a battery in 
circuit, it will be impossible to tell, without a test of some 
sort, which is the positive and which the negative binding 
post. This can be determined in a moment by trial in the 
plating solution. 

If on starting the ' machine a deposit is made on the 
cathode, the connections are correct. If, however, no 
deposit appears, the conductors should be transposed either 
at the dynamo or at the plating bath. 
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Large wire should be used for carrying the current. 
Within certain limits the electro-motive force of the current 
may be varied by changing the speed of the machine, and 
the current may be controlled by inserting resistance into 
the external circuit or into the shunt. 

The hand-power dynamo may be converted into a shunt 
machine by arranging the connections according to Fig. 
484, but it will be necessary to introduce resistance into 
the shunt or field magnet circuit to prevent too much cur- 
rent from going through the field magnet. 

The electro-plating dynamo may be used successfully in 
copper, nickel, and silver plating on a small scale, also for 
electro-typing.* This dynamo acts well when used as a 
motor in connection with the plunge battery shown in 
Fig- 394- 

The length of wire on the armature is 40 feet and on 
the field magnet about 500 feet. 

SIMPLE ELECTRIC MOTOR. 

It is generally understood that an efficient electric motor 
cannot be made without the use of machinery and fine tools. 
It is also believed that the expense of patterns, castings, and 
materials of various kinds required in the construction of a 
good electric motor is considerable. 

The little motor showm in the engravings was devised 
and constructed with a view to assisting amateurs and 
beginners in electricity to make a motor which might be 
driven to advantage by a current derived from a battery, 
and which would have sufficient power to operate an ordi- 
nary foot lathe or any light machinery requiring not over 
one man power. 

The only machine work required in the construction v)f 
the motor illustrated is the turning of the wooden support 
for the armature ring. The materials cost less than four 

* “Electro-plating” and “ Electro-typing," by Urquhart, and “Electro- 
Deposition/’ by Watt, are excellent works on their respective subjects. The 
Scientific American Supplement also contains valuable information on these 
subjects and on the construction of dynamos for these uses. 
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dollars, and the labor is not great, although some of the 
operations, such as winding the armature and field magnet, 
require some time and considerable patience. On the 
whole, however, it is a very easy machine to make, and, if 


Fig. 489. 


Fig. 4 QO. 


Fig. 486 



Fig 486. — Armature Core. 

Commutator. 

Fig. 489. — End View of Armature, showing 
Fig. 490. — Brush-holding Disk. 


Fig. 48S. 











rransversc Section. 


carefully constructed, will certainly give satisfaction. Only 
such materials as may be procured anywhere arc required. 
No patterns or castings are needed. 

Beginning with the armature, a wooden spool, A (Fig. 
486), should be made of sufficient size to receive the soft 
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iron wire of which the core of the armature is formed. 
The wire, before winding, should be varnished with shellac 
and allowed to dry, and the surface of the spool on which 
the wire is wound should be covered with paper to prevent 
the sticking of the varnish when the wire is heated, as will 
presently be described. The size of the iron wire of the 
core is No. i8 American wire gauge. The spool is 2 ^ 
inches in diameter in the smaller part, and 2 inches in length 


Fig. 487. 



Winding the Armature, 


between the flanges. It is divided at the center and fastened 
together by screws. Each part is tapered slightly to facili- 
tate its removal from the wire ring. The wire is wound on 
the spool to a depth of f inch. It should be wound in even 
layers, and when the winding is complete, the spool and its 
contents should be placed in a hot oven and allowed to 
remain until the shellac melts and the convolutions of wire 
are cemented together. 

After cooling, the iron wire ring, B, is withdrawn from 
the spool and covered with a single thickness of adhesive 
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tape, to insure insulation. If adhesive tape is not at hand, 
very thin cotton tape or strips of cotton cloth may be sub* 
stituted. A single coat of shellac varnish will hold the cov- 
ing in place. 

The ring is now spaced off into twelve equal divisions, 
and lines are drawn around the ring transversely, dividing 
it into twelve equal segments, as shown in Fig. 487. 

Two wedge-shaped pieces, C, of hard wood are 
notched and fitted to the ring so as to inclose a space in 
which to wind the coil. These blocks may be clamped in 
any convenient way. The coil, D, consists of No. 18 cot- 
ton-covered copper magnet wire, four layers deep, each 
layer having eight convolutions. The end, a, and the begin- 
ning, b, of the winding terminate on the same side of the 
coil. The last layer of wire should be wound over two or 
three strands of shoe thread, which should be tied after the 
coil is complete, thus binding the wires together. 

When the first section of the winding is finished, the 
wire is cut off and the ends (about two inches in length) are 
twisted together to cause the coil to retain its shape. After 
the completion of the first section, one of the pieces, C, is 
moved to a new position and the second section is proceeded 
with, and so on until the twelve sections are wound. The 
coils of the ring are then varnished with thin shellac varnish, 
the varnish being allowed to soak into the interior of the 
coils. Finally, the ring is allowed to remain in a warm 
place until the varnish is thoroughly dry and hard. 

Care should be taken to wind all of the coils in the same 
dii'ection and to have the same number of convolutions in 
each coil. A convenient way of carrying the wire through 
and around the ring is to wind upon a small ordinary spool 
enough wire for a single section, using the spool as a 
shuttle. 

The ring is mounted upon a wooden hub, G, Fig. 488, 
and is held in place by the wooden collar, H, both hub and 
collar being provided with a concave flange for receiving 
the inner edges of the ring. The collar, H, is fastened to 
the end of the hub, G, by ordinary brass wood-screws. 
Both hub and collar are mounted on a steel shaft formed 
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of Stubs’ wire, which needs no turning. A pulley is formed 
integrally with the collar, H. The end of the hub, G, 
which is provided with a flange, is prolonged to form the 
commutator, and the terminals, a b, of the ring coils arc 
arranged along the surface of the hub and inserted in radial 
holes drilled in the hub in pairs. The wires are arranged 
so that one hole of each pair receives the outer end of one 
coil and the other hole receives the inner end of the next 
coil, the exti'emitics of the wire being scraped before inser- 
tion in the holes. The distance between the holes of each 
pair is sufficient to allow a brass wood-screw to enter the 
end of the hub, G, and form an electrical contact with both 
wires of the pair, as shown in Fig. 488. 

There being twelve armature sections and twelve pairs 
of terminals, there will of course be required a correspond- 
ing number of brass screws. These screws are inserted in 
the end of the hub, G, so as to come exactly even with the 
end of the hub without touching each other. This com- 
pletes the armature and the commutator. 

Before proceeding to mount the armature shaft in jour- 
nal boxes, it will be necessary to construct the field magnet, 
as the machine must, to some extent at least, be made by 
“ rule of thumb.” 

The body, E, of the field magnet consists of strips of 
Russia iron, such as is used in the manufacture of stoves and 
stove pipe. The strips arc 2^ inches wide, and of any con- 
venient length, their combined length being sufficient to 
build up a magnet core seven-sixteenths inch thick, of the 
form shown in Fig. 485. The ends of the strips are simply 
abutted. The motor illustrated has fifteen layers of iron in 
the magnet, each requiring about 26 inches of iron, approxi- 
mately 33 feet altogether. 

The wooden block, F, on which the magnet is formed is 
secured to a base board, G, as shown in Fig. 491, and 
grooves are made in the edges of the block, and correspond- 
ing holes are formed in the base to receive wires for tem- 
porarily binding the iron strips together. Opposite each 
angle of the block, F, mortises are made in the base board, 
G, to receive the keys, d, and wedges, c. Each key, d, is re- 
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tained in its mortise by a dovetail, as shown in Fig. 492. By 
this arrangement each layer of the strip of iron may be 
held in position, as the formation of the magnet proceeds, 
the several keys, </, and wedges, c, being removed and 
replaced in succession as the iron strip is carried around the 
block, I'. When the magnet has reached the required thick- 
ness, the wedges, c, arc forced down so as to hold the iron 
firmly, then the layers of iron arc closely hound together by 
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Forming the Field Magnet. 


iron binding wire wound around the magnet through the 
grooves, r, and holes in the base board, G. 

The next step in the construction of the machine is the 
winding of the field magnet. To insure the insulation of 
the magnet wire from the iron core of the magnet, the latter 
is covered upon the parts to be. wound by adhesive tape or 
by cotton cloth attached by means of shellac varnish. 

The direction of winding is clearly shown in Fig. 493. 
Five layers of No. 16 magnet wire are wound upon each 
section of the magnet. The winding begins at the outer 
end of the magnet, and ends at the inner end of the section. 
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When the winding is completed, the temporary binding is 
removed. The outer ends of coils i and 2 are con- 
nected together, and the outer ends of 3 and 4 are con- 
nected. 

The inner ends of 2 and 4 are connected. The inner 
end of 3 is to be connected with the commutator brush, /. 
The inner end of i is to be connected with the binding 
post, and the binding post, is to be connected with the 
commutator brush,/'. 

The field magnet is now placed upon a base having 
blocks of suitable height to support it in a horizonta’ posi- 
tion. Blocks are placed between the coils, to prevent the 
top of the magnet from drawing down upon the armature, 
and the magnet is secured in place by brass straps, as shown 
in Fig. 485. 

The armature is wrapped with three or four thicknesses 
of heavy paper, and inserted in the wider part of the field 
magnet, the paper serving to center the armature in the 
magnet. The armature shaft is leveled and arranged at 
right angles with the field magnet. The posts in which the 
armature shaft is journaled are bored transversely larger 
than the shaft, and a hole is bored from the top downw'ard, 
so as to communicate with the transverse hole. To prevent 
the binding of the journal boxes, the exposed ends of the 
armature shaft are covered with a thin wash of pure clay 
and allowed to dry. 

The posts are secured to the base, with the ends of 
the armature shaft projecting into the transverse holes. 
Washers of pasteboard arc placed upon the shaft on oppo- 
site sides of the posts, to confine the melted metal which is 
to form the journal boxes. Babbitt metal, or, in its absence, 
type metal, is melted and poured into the space around the 
shaft through the vertical hole in the post. The journal 
boxes thus formed are each provided with an oil hole, ex- 
tending from the top of the post downward. If, after clean- 
ing and oiling the boxes, the shaft does not turn freely, the 
boxes should be reamed or scraped until the desired freedom 
is secured. 

All that is now required to complete the motor is the 



DYNAMIC ELECTRICITY. 


505 


commutator brushes, f f. They each consist of three or 
four strips of thin hard-rolled copper, curved, as shown in 
Fig. 488, to cause them to bear upon the screws in the end 
of the hub, G. The brushes are secured by small bolts to a 
disk of vulcanized fiber or vulcanite at diametrically opposite 
points, as shown in dotted lines in Fig. 489, and the brushes 
are arranged in the direction of the rotation of the arma- 
ture. 

In the brush-carrying disk is formed a curved s\ot tor 
receiving a screw, shown in Fig. 492, which passes througVi 
the slot into the post and serves to bind the disk Viv any 

Fit;. 493. 
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Circuit of Simple Electric Motor. 


position. The disk is mounted on a boss projecting from 
the inner side of the post concentric with the armature 
shaft. The brushes are connected up by means of flexible 
cord, or by a wire spiral, as shown in Figs. 485 and 493. 
The most favorable position for the brushes may soon be 
found after applying the current to the motor. The ends of 
both brushes will lie approximately in the same horizontal 
plane. 

When the motor is in operation, the direction of the 
current in the conductor of the field magnet is such as 
to produce consequent poles above and below the armature, 
as indicated in Fig. 493. ^ 
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The dimensions of the parts of the motor are tabulated 
below : 


Length of field magnet (inside') lo inches. 

Internal diameter of {)olar section (jf magnet “ 

Width of magnet core 2 k “ 

Number of layers of wire to each coil of 

magnet 5 

Number of convolutions in each layer 34 

Length of wire in each coil (api)roximatc). ... 95 feet. 

Size of wire, Am. W. Ci No. 16 

Outside diameter of armature 3 , Vi inches. 

Inside diameter of ai'inature c<»re 2^^;. “ 

Thickness “ “ “ J 

Width '• “ “ 2 “ 


“ “ “ wound 

Number of coils on armature 

Number of lavers in each coil 

Number of convolutions in each layer.... 
Length of wire in each armature coil (ap- 
proximate) 

Size of wire on armature, .\m. W. G 

Length of armature shaft 

Diameter of armature shaft 

‘‘ “ wooden hub 

Distance between standards 

Total weight of wire in armature and field 
magnet 


12 

4 

8 


15 feet. 

No. 18 
7I inches. 
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This motor is designed for use in connection with a bat- 
tery of low resistance, preferably one of the plunging type 
(Fig. 394), as such a battery permits of readily regulating 
the speed and power of the motor by simply plunging the 
plates more or less. 

This form of battery has the additional advantages of 
being more poAverful for its size than any other and of being 
very easily cleaned and kept in order. It has, however, the 
disadvantage of becoming exhausted in three or four hours, 
but this is partly compensated for by the ease with which it 
may be renewed. 
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Eight cells of plunging bichromate battery like that 
shown in Fig. 394 will develop sufficient power in the 

Fig. 494. 



Side Elevation, Partly in Section, of Simple Electric Motor— One-third Size. 


motor to run an ordinary foot lathe or two or three sewing 
machines. If it is desirable to adapt the motor to a battery 
of higher resistance, the armature and field magnet may be 


Fig. 495. 



Vertical Transverse Section of Motor, taken through the Center of the 
Armature — One third Size, showing the Field Magnet in a Shunt. 


wound with finer wire. For a dynamo circuit the field mag- 
net of the motor should be placed in a shunt. (See diagram 
of Plating Dynamo.) If the motor is wound with wire of any 
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size between Nos. i6 and 20, a battery may be adapted to it. 
When the field magnet is wound with finer wire and con- 
nected as a shunt around the armature, the motor becomes 
self-regulating. 

The foregoing description of the small motor was written 
for the purpose of assisting amateurs who have few tools 
and no machinery. If all necessary tools are available, the 
motor may undoubtedly be modified in several particulars, 
to facilitate the work of construction, but without securing 
better final results. Fig, 496 shows a magnet made of cast 
iron. Instead of being formed of a single casting, it con- 
sists of two like halves, both made from the same pattern. 
The ends, which are square, are fitted together accurately 
either by planing or filing, and fastened together by screws 
or bolts, two at each end. The body of the cast iron field 
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Cast Iron Field Magnet. 


magnet should be fully one-half inch thick, and the ends 
one inch thick. 

The flanges. A, which confine the wire as well as the 
portions of the magnet on which wire is wound, should be 
covered with thin cloth and shellacked before winding. 
The halves of the magnet are wound separately in a lathe, 
the ends being supported by the centers, B B, as shown. 

When the cast iron field magnet is adopted, the motor 
may be used as a dynamo. In this case, however, it would 
be advisable to use smaller wire, say No. 20 or 22 on the 
armature and No. 18 on the field magnet. It would also be 
well to double the number of coils on the armature, at the 
iame time doubling the number of convolutions and layers. 
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so as to greatly increase the length of the wire in each sec- 
tion. Where the exact dimensions of the machine arc not 
known the armature slunild be made first, the field magnet 
being adapted to the armature. 
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CHAPTER XIX. 


A (^UARTKK-IIORSE J'OWKR KEKCTRIC MOTOR. 

The electric motor described on jiatje 497 and the iol- 
loAvinj^ pages was designed to be made from ordinary mate- 
rials without the necessit}’ of enij)loying line tools or machin- 
ery in its construction. It is operated by a current from 
the battery, everything connected with it being within the 
reach of any amateur. In this chapiter an entirely different 
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Ouarlcr-IIorse Power Electric Motor. 


motor 497) sliow it and described, in which the best 

obtainable inatejials arc used, and in tlie constructifui ol 
whicli considerable mechanical skill is required and <^ood 
tools are a necessity. 

This motor was designed and built especially for tlie 
writer by Mr. W. S. Bishoj> for this editi(m of ^‘Experi- 
mental Science/' with the intention of giving the reader 
full particulars regarding the ctmstruction of a complete 
modern quarter-horse power self-regulating electric motor 
for use on a direct-current 1 10-volt circuit. 
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This motor is well proportioned, so that by enlarging or 
reducing it in })ro2Jortion to sectional areas, a motor smaller 
or larger than the one illustrated may be constructed. 

Tlie motor is of the inclosed type, the field magnet 
forming a drum or cylindrical casijig, with inwardly pro- 
jecting pole pieces on which arc placed the coils of the field 
magnet (Fig. 497^). The heads supj)ort self-oiling journals, 
a (I'ig. 497) which receive the shaft of the armature, 
which latter revolves between the poles. The heads (Fig. 
497^) are j)rovided with removable sections for convenience 


Fig. ^97a 




Field Magnet with Heads and Armature Removed. 


in examining the interior of the field magnet. The com- 
mutator brushes consist of spring-pressed carbon rods 
inserted in the insulated brass sockets i)laced in horizontal 
holes bored in opi)osite sides of the head near one of the 
journals. The commutator revolves between and in con- 
tact with these carbon brushes. The electrical connections 
are made at the top of the casing, as will be presently 
described. 

The steel armature shaft, which is supported by the self- 
oiling bearings in the heads, has a uniform diameter of | 
inch, and is 16 inches long. On this shaft is placed a cast 


512 


KX 1>K R1 ^r KNTAI, SCIENCK. 


iron sleeve 3^ inches long and i inch in outside diameter^ 
(Fig. 498), with a head 2^ inches in diameter and /g- inch 
thick formed on one end, and a wrought iron nut of the 
same size on the other end. The sleeve is secured by a 
key. On the sleeve between the head and nut are mounted 
the disks of which tlie armature core is formed. The end 
ones are inch thick ; the intermediate ones, No. 25, all are 
of soft sheet steel. The disks are varnished with thin shel- 
lac and dried before they arc placed on the sleeve. These 
disks each have 18 notches, each of which is finch wide 


Fig. 497^ 



The Heads of the Field Magnet. 

at the periphery, f inch wide at the bottom and f inch 
deep. These notches, when the disks arc placed together, 
form grooves for receiving the armature winding. The 
grooves are lined with strips of leatherboard which com- 
pletely cover the edges of the disks. A washer of vulcan- 
ized fiber ^ inch thick is placed at each end, covering the 
end disks, and having , notches of the same size as those in 
the steel disks and holes large enough to admit the nut and 
flange. 

The nut and flange are each insulated by a washer of 
canvas provided with a number of radial slits to enable 
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them to form down over the edges of the flange and nut. 
These canvas washers are coated with shellac varnish. 

Tubes of vulcanized fiber are placed on each end of the 
armature shaft adjoining the cast iron sleeve, so that no 
electrical connection can be made by the winding with the 
shaft. Every portion of the steel of the armature is thus 
protected, so that it cannot come into electrical contact 
with the winding. All of the insulating material is held in 
place by thick shellac varnish, which is allowed to dry 
thoroughly before the winding is done. 

The armature is wound with No. 22 (A. W. G.) single 


Fig. 498. 



Armature Core, Half Size. 


silk-covered copper wire. There arc eighteen coils on the 
armature, with fifty-eight convolutions in each coil. The 
winding is done while the armature shaft is supported on 
lathe centers. To begin, 3 inches of wire are left project- 
ing from the commutator end of the armature, as shown in 
Fig. 498^, and to avoid mistakes, the armature groin e in 
which the beginning of the winding is made is marked 18-1 
on opposite sides. Nine grooves are counted off and 8 
is marked on one side of the ninth groove and 9 on 
the other side. The wire is then carried along in the 
groove 1 8-1 to the back end of the armature, thence over 
the end and past the shaft to the groove 8-9 ; along this 
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groove to the commutator end of the armature, past the 
shaft to groove i8-i, along this groove to the rear end 
of the armature, and so on until grooves i8-i and 8-9 
contain fifty-eight turns; then carry the wire to groove 
9-10, and back across the commutator end of the arma- 
ture to groove 1-2, when a loop of about 4 inches long 
is formed outside of the groove, and the winding is con- 
tinued in groove 9-10 and groove 1-2 as before, filling in 
fifty-eight turns, and so on until the grooves arc half filled 
and the winding is one-half way around the armature ; but 


Fig. 498^1, 



each time a new coil is started tlie previous one must be 
protected bv small pieces of oiled silk ajjplied to the ends 
of the armature where the wires cross. After the coils are 
one-half on, i. c., after the winding has been carried around 
to the point of starting, the looped and twisted ends 
designed for commutator aonnections arc thorough!}' jmo- 
tected with tape close up to the coils, and the winding is 
continued the same way as before, winding fifty-eight turns 
of wire on top <>( the wire first wound, until every groove 
is filled, and the loo]) is brought out of every space, when 
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these loops are protected by tape, as already described, and 
the commutator is ]>laced on the shaft. The doubled and 
twisted ends ai e cut off at tlie extreme end of the loop for 
;attachment to the commutator bars. 

The commutator (Fig-. 49SC) is a vital part of the motor, 
needing great care in its construction. It has a hub or 
sleeve, b, inches long, provided with an undercut collar, 
<r, formed on its inner end, and is pnndded with a remov- 
able collar, d, having an undercut portion, c', corresponding 


Fig. 498^. 



to the undercut llangc, r, but oppositely arranged. Between 
these undercut portions are clamped the commutator bars. 
e. 'I'hc latter are made of cast jihosphor-bronze, when only 
a few are recpiircd. These are milled on the ends and 
inner side, the outside being turned off after the commu- 
tator is assembled. • 

Another way to make the commutator is to cast a cyl- 
inder of phosphor-bronze, having the cross section shown 
in Fig. 49S^? ; afterward sawing the cA'linder up into eigh- 
teen bars as shown. Each bar has a short, slotted arm 
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extending in a radial direction for receiving a pair of ter- 
minals of the armature coil. The commutator sleeve or 
hub, b, is provided with a wrapping,/, and a washer, g, of 
mica for thoroughly insulating th^ bars from the sleeve, 
and with a mica disk, h, for insulating them from the collar, 
d. This collar is held in place by four screws passing 
through it into' the sleeve, b. To economize space the 
inner end of the sleeve, b, is chambered, as shown. The 
commutator is prevented from turning on the shaft by a 


Fig. 498^/. 



lug pin, i, which is inserted in the shaft, and is received in 
a short slot,/ in the sleeve, b. 

The commutator is 2/; inches in diameter, the bars are 
I inch long, and wide on the outer face. They arc 
separated evenly by strips of mica, which are turned off 
when the commutator rs turned. The dimensions can be 
obtained from the engraving, which is one-half size. 

The looped ends of the armature coils are all carried to 
one side to the fourth commutator bar, and cleaned off and 
inserted in the slots of the arms projecting from the com- 
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mutator bars, the wires being soldered in the slots. This 
arrangement <if the wires admits of placing the carbon 
commutator brushes in a horizontal position, which is desir- 
able. 

The terminals of the armature winding are all thcjr- 
oughly separated by pieces of oiled silk. They are wrap- 
ped with stout twine to resist centrifugal force and are 
varnished with shellac. 

In each slot of the armature is placed a strip of leather- 
board to cover the coil, and in j)cripheral grooves turned 
at three points in the length of the armature, are placed 
windings of No. 18 piano wire, which arc carefully soldered 


Fig. 4(j&e. 



Sectional Views of the Commutator. 


(Fig. 499). These windings prev’ent the bursting of the 
armature by centrifugal force. The winding and insulation 
of the armature is now provided with two or three coats 
of shellac varnish to exclude moisture and bind the wires 
and insulators. 

The armature is noAv carefully balanced by adding solder 
to the peripheral bands, or by increasing the solder on the 
arms of the commutator bars. The armature is tested bv 
rolling it on parallel bars arranged in a perfectly horizontal 
plane. 

The field magnet, which has internal poles, v, is now 
bored to receive the armature and is faced off and bored to 
receive the heads. The latter are accurately fitted, so that 
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each may be retained in place by two tap bolts as shown. 
Accuracy of position is secured by facing the inner side of 
the head and providing it with a shoulder which fits the 
finished edge of the field magnet. While the head is still in 
position in the lathe the support for the journal box is bored 
to insure proper alignment. 

The journal boxes, an^ (Fig’* 499^), each consist of a bronze 
sleeve bored internally to fit the shaft and turned off externally 
in two diameters, one to fit the hub of the magnet head and 
the other to make room for the oil chamber, k, which is 
further enlarged by the chambering out of the hub. The 
journal box is provided with an annular groove, w, to re- 
ceive the oil from the end of the shaft, and a small duca. 
conveys the oil back to the reservoir. The journal outside 

Fio. 499 



The Finished Armature. 


of the groove, m, is counter-bored to prevent it from coming 
into contact with the shaft. 

A slot is cut across the upper portion of the journal box 
to loosely admit the ring, /, which rests upon the shaft and 
is revolved by frictional contact. The ring, /, carries up 
sufficient oil to keep the journal lubricated. The surplus oil 
falls from the inner end of the journal box directly into the 
oil reservoir. Collars are secured to the shaft at each end 
adjoining the journal boxes. The armature shaft is thus 
mounted so that the armature revolves within one-thirty- 
sccond inch of the polar extremities of the field magnet. 

The commutator brushes, A (Fig. 499 ^), which form the 
electrical contacts with the commutators, each consist (if a 
brass tube, q, having a thick head for receiving a binding 
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screw, r, for holding the lead wire, 5. In the brass tube is 
placed a spiral spring, /, which presses the cylindrical car- 
b(ni rod, «, forward into contact with the c(jinmutat(jr cyl- 
inder. Each field magnet pole, v, is furnished with a coil, 
which is wound on a wooden form between two wooden 
collars on a stx'ip of vulcanized fiber cme-sixteenth inch thick 
wrapped around the form. After winding each coil is 
wound with adhesive tape and varnished with shellac. 
There is a total of 3I pounds of No. 28 single cotton- 
covered wire in the coils. 

The wooden ftjrm for these coils should be a little larger 
than the magnet pole to insure the fitting of the magnet 
coils to the poles. 

The coils are both wound in the same direction and con- 
nected in series, the outside ends being connected together. 


Fio. 4Q9<i. 



The Journal Box. 


Fig. 499(^. 



The Commutator Brush. 


while the inner ends are connected one with the binding 
post, L,and the other with the binding post, F, both mounted 
on the block secured to the top of the field magnet. The 
binding post, L, is also connected with one of the com- 
mutator brushes, and the binding post. A, is connected with 
the commutator brush, but with no other part of the motor. 

A rheostat or starting box is required to start the motor 
with safety. A diagram of the connections is given in Fig. 
500, which is a plan view of the motor and a diagrammatic 
view of the rheostat. In this view the binding posts, F, A, 
are shown, the binding post, L, being connected with the 
line and one of the commutator brushes ; the binding post, 
A, being connected with the other commutator brush and 
with the middle binding post of the rheostat. The binding 
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post, F, of the rheostat is connected with the center binding 
post, F, of the motor, and the binding p<.)st, L, of the rheostat 
is connected witli the line and also with the switch arm i. 
The latter is capable of making a contact with either of the 
buttons 2 , 3, 4, 5, C, 7. The switch arm 1 has a si)ring 
which tends to throw it around into contact with the button 
2, which has no electrical connection. The buttt)ns 3 to 7 
inclusive are connected with the resistance coils. When 

Fig. 500 



The Rheostat or Starting Box. 


the arm i is brought into contact with the button 3, it 
throws all of the resistance into tlie armature circuit, and 
also throws the switch magnet, 8, into the field circuit, in 
which it remains with more or less resistance as long as the 
motor runs. 

The switch arm cuts out the resistance gradually until 
the current is all on, Avhen the armature, 9, carried by the 
arm, i, is held by the magnet, 8. The parts remain in 
this position so long as the current passes. When the cir- 
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cult is broken at any jioint.tlie ina;^Miel S releases ihc switch 
arm, and the spring causes it to Hy back and break the cir- 
cuit, thereby avoiding the danger of throwing a heavy 
current suddenly on the motor. 

This motor will readily run on current taken from an 
ordinary lamp socket. It is so proportioned that the counter 
clectro-motivc force keeps the speed down to 1.600 rev()lu- 
rions per minute, and controls the current so as to render 
the motor uniform in its action. 

By connectinj^ the iicld majjnet with the armature the ma- 
chine may be run by power as a generator. When run at 
1,850 revolutions jier minute.it is able to suj)ply three 16 
candle power iio-volt lamps. 

The fcdlowing* is a table of the dimensions of the motor: 


Length of armature shaft 

Diameter “ ** 

Diameter of the armature 

Diameter of the commutator 

Width of commutator 

Number of commutator bars, 18. 

Width of commutator bars 

Length of bearing surface 

Bore of the field magnet 

Outside diameter of field magnet drum 

Inside “ “ “ “ 

Width of “ “ “ “ 

Base 

Height of drum above bottom of base 

Diameter of inside of convex portion of head 

Diameter of hole for receiving commutator brushes . . 

Outside diameter of carbon brush holder 

Carbon rod 

Length of carbon 

Wire on the field magnet, 33^ pounds of single cotton- 
covered, No. 2S. 

Wire on armature, 2 pounds No. 22 single silk-covered. 
Normal speed of motor, i,6co revolutions per minute. 


16 inches 


?8 
3 '^4 
2?8 


t* 

(I 


4 X 


5 

i 
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5b 

9b 


It 

it 


it 

li 

a 


4 

I 


it 


1 1 

1 tj 


it 

tt 

it 


This little motor is a marvel of mechanical construction. 
It does not possess a single unnecessary part, and every- 
thing is ]>lain. direct and simple. 



522 


EXl’ERl M ENTAL SCIENCE 


TABLE OF TANGENTS. 


Degrees. 

Tangenfs. j 

\ 

1 

Derreos ! 

Tangents. 

• 1 

1 Degrees.' 

Tangents, j 

Degrees. 

Tangents, 

I. 

.0175 1 

18. , 

-3249 

! 35 - ; 

.7002 

52. 

1.279 

1-5 

.0262 i 

{ 

18.5 

-3346 


-7133 

52.5 

1-303 

2. 

-OS 49 1 

19. ' 

-3443 


.7265 j 

53 - 

1-327 

2.5 1 

• 04 S 7 i 

I 9 -S : 

-3541 

36.5 

.7400 ! 

53-5 

1-35 1 

3 - 1 

-05^4 1 

20. i 

.3640 

2/ • 

-7536 j 

54 - 

1.376 

3 o 

.0612 

20.5 I 

-3739 

. 37*5 

-7673 ! 

54-5 

1. 40 1 

4 * 

.0699 

1 

21. 1 

1 

-3839 

38. 

-7813 1 

55 - 

1.428 

4-5 

.0787 

21.5 ! 

-3939 

38.5 

-7954 1 

55-5 

1-455 

5 - 

.0875 

22. ' 

4040 

39- 

.8098 i 

56. 

1.482 

5-5 

-096s i 

22.5 

.4142 

; 39-5 

.8243 

56-5- 

1. 510 

6. 

.1051 

23. 

.4245 

i 40. 

.8391 

57. 

1-539 

6.5 

.1139 1 

23.5 

•4348 

' ! 4 ^* 5 

.8541 

57-5 

1.569 

7 - 

.1228 

24. 

-4452 

; 41- 

.8^3 

58. 

1.600 

7-5 

-1317 i 

24.5 

-4557 

: 41-5 

.8847 

58-5 

1.631 

8. 

-1405 

' 25. 

.4663 

' 42. 

.9004 

59 - 

1.664 

8-5 

-149s 

25-5 

.4770 

, 42.5 

.9163 

59-5 

1.697 

9 - 

; -1584 , 

26. 

.4877 

43 - 

; -9325 

60. 

1.732 

9-5 

.1673 i 

I 26.5 

1 .4986 

' 43-5 

.9490 

60.5 

1.767 

10. 

.1763 

* 27. 

;! < 

j -5095 

44 - 

.9657 

61. 

1.804 

10.5 

-1853 

i ^ 7-5 

I .5206 

44-5 

.9827 

61.5 

1.841 

1 1. 

-1944 1 

|; 28. 

•5317 

' 45 - 

' I. 

62. 

1.880 

11.5 

-2035 

i| 28.5 

-5430 

' 45-5 

1.0176 

62.5 

1.92 1 

12. 

.2126 1 

: 29. 

-5543 

’ 46. 

1-035 

63. 

1.962 

12.5 

.2217 

1 29-5 

.5658 

: 46.5 

1-053 

63.5 

2.005 

IS- 

.2309 

30. 

i -5774 

: 47 - 

1.072 

64. 

2.050 

IS'S 

.2401 1 

30.5 

j .5890 

' 47-5 

1 1.091 

64.5 

2.096 

14. 

-2493 1 

31- 

.6009 

: 48. 

1. 1 10 

65. 

2.144. 

14-5 

.2586 j 

31-5 

.6128 

i 48.5 

1. 130 

65-5 

2.194 

IS- i 

.2679 i 

32. 

.6249 

1 49 - 

1. 150 

66. 

2.246 

15-5 

-2773 ! 

32.5 

I -6371 

49-5 

1. 170 

66.5 

2.299 

16. 

.2867 1 

33 - 

- .6494 

• 50. 

1.191 

67. 

2.355 

16.5 

.2962 

33-5 

.6619 

; 50.5 ' 

1.213 

67.5 

2.414 

17- 

-30s 7 i 

34 - 

.6745 

i 51- j 

1.234 

68. 

2.475 

17-S 

- 3 IS 3 

34-5 

-6873 1 

51-5 i 

1-257 

68.5 

2.538 
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TABLE OF TANGENTS— 


Degrees. 

Tangents. 

Degrees. 

Tangents. 

Degrees. 

Tangents. 

Degrees. 

Tangent-i 

69. 

2.605 1 

74-S 

3.605 

80. 

5.671 

85.5 

12.706 

69.5 

2.674 i 

75- 

3-732 

80.5 

5-975 : 

86. 

14.300 

70. 

2.747 i 

75-5 

3.866 

81. 

' 

6.313 : 

86.5 

16.349 

70.5 

2.823 

76. 

4.010 

, 81.5 

6.691 1 

87- 

19.081 

71- 

2.904 , 

7f'^-5 

4.165 

1 82. 

7.115 : 

87.5 

22.903 

71-5 

2.9-8 

77- 

4-331 

! 82.5 

7-595 

88. 

2 8. 636 

72. 

3-077 

77-5 

4.510 

' 83. 

8.144 

88.5 

38.188 

72.5 

3-171 

78. 

4.704 

83.5 

8.776 

! 89. 

57.290 

73* 

3.270 

78.5 

4-915 , 

84. 

9-5 '4 i 

89.5 

114.588 

73-5 

3-375 

79- 

5.144 ; 

84-5 

10.385 . 

90. 


_74- 1 

3-487 

79-5 

5-395 ' 

85- 

11.430 j 





INDEX, 


Absorption, 6 

Absorption of gases, 64 

Absorption of Tight, 217 

Achromatic objective, telescopic, 315 

Acid, lithic, 273 

Acid, stearic, 273 

Acid, sulphuric, aud water, 3 

Actions, molecular, 56 

Adhesion, 58 

Adjustable sound reflector, 15U 
Adjustment, tine, 281 
Aerial top, 103 
Air compressed, 30 

Air, effect of centrifugal force on, 12 
Air, inertia of, 103 
Air, pressure of, 83 
Air pressure, weight lifted by, 8J1 
Air pump, inexpensive. 31 
Air j)ump receiver, 36 
Air pump, treadle for 
Air, reduction of volume of, by pres- 
sure, 6 

Air, resistance of, on falling bodies, 38 
Air thermometer. 184 
Air, weight of. 30 

Air. withdrawing. from microscope 
slides, 33 

Airy’s spirals, 258 

Alcohol, cotton in, 1 

Alcohol and water, mixture of, 3 

Alum evil, 1S3 

Amalgamation of zincs, 402 

Ammeter, 453 

Ampere, 427 

Analysis and synthesis <»f light, 213 
Analysis of sounding flames, 148 
Analyzer, 235 
Amdior plants, 230 
Ancient inventions, 106 
Anhydrite. 260 
xXnilinL* and water. 4 
Annealed glass, 240 
Annunciator, 487 
xViio-kato, 363 
x\(iuatic plants, 287 
Aragonite hemltrope, 258 
Arborescent magnetic figures, 356 
Armature, 518 
Armature core, 513 
Armature, drum, 475 
Armature. (Iramme, 474 
Arraugement of battery cells, 423 
xXrrangement of polarizer and analyzer, 
238 

xVrt, decorative, suggestions in. 272 
Ascensional power of heated air, 136 
xXspirators, 101 

Aspirators, blast produced liy, 105 
Aspirators, (’hapraan’s, 106 
Aspirators, receiver for, 105 
xMmosphere, crushing force of, 83 
xXtmospheric pressure, 31 
Atomizing petroleum burner, 101 

Hage plate holder, 32t) 
namnee, 51 

Pa lance, readily made, 86 
Balance, thermoscoplc, 185 
Ball bearings, 10 
Ball experiment, 33 

Balloon, dilatation of in a vacuum, 85 

Balls, dropped and projected, 43 

Bar, compound, 182 

Barometer, 31 

Barrett. Prof., 165 

Barry, Philip. 167 

Batteries, two -fluid 403 

Batteries, polarization of, 335 


Battery and galvanometer, experiments 
with, 334 

Battery, caustic potash, 408 
Battery cells, arrangement of, 423 
Battery, chromic acid, 412 
Battery, J>aulell, 403 
Battery, dry. Dr. (lassner’s, 407 
Battery, Fuller, 413 
Battery, gravity, 410 
Battery, Dreiiel, 333 
Battery, Grove, 411 
Battery, large plunge, 401 
Battery plates, roughening, 418 
Battery, secondary, formation of, 420 
Battery, simple iiluuge. 400 
Battery, Smee’s, 338 
Battery, iheriiio-electric, 422 
Beach pyro-potash developer, 321 
Bee’s wing, doubling hooks of, 231 
Bell, xVlexander Graham, 130 
Bell In vacuo, 38 
Bell, over-tones of. 144 
Bell, polarized, 482 
Bell telephone, principle of, 477 
Bichromate of potash, 260 
Bicycles, pedals and shafts of. 10 
' BilUar suspension, 53 
Bird, mechanical, IVnaud’s, 111 
I Black glass polarizer. 238 
! Black tones on photographs, 327 
I Bla<*kened glass, polarization by reflec- 
tion from, 240 

Blast produced by aspirator, 105 
Blood, circulation of, 135 
Bodies, falling. 38 
Bohnenberger machine, 21 
Bolling water in vacuo, 38 
Bologna flask, 56 
Bomb, < andle, 135 
Boomerang, 113 
Piorder, composite, 276 
Border, dado and frieze, 274 
Boiupiet, jihantom, 211 
Box, musical, 113 

P»ranch circuits, joint resistance of, 448. 
Jtranchipiis, 230. 

Brazilian pebbles, 263. 

Bridge key and connections, 447. 

Ilridge resistance box, 444. 

Bridge, Wheatstone’s, 4-13. 

I Bridges, railroad, vibration of, 126. 

1 P»romlTie box, 342. 

Brown tones on photographs, 327. 
Buffing the plate, 333. 

Bugle. 121. 

Bunsen’s Alter pump, 102. 

Bui’ner, petroleum, atomizing, 101. 
Bursting fly-wheels, 34. 

Buzz, 117. 

Cadmium, sulphate of, 272. 274 

Calcite, 258 

Calcium sulphide, 138. 

(’amera, adjustment of, 31t/. 

(’amera, photograplilc, 318. 

(’amera, pocket. 328. 

(’andle bomb, 135. 

(’aplllarlty, 60. 

( ’apllla ry depression. 60. 

(’aplllary elevation. 60. 

Capitol at Washington, 153. 

(’arbonie acid, absorption of, by char- 
coal, 64, 66. 

Carbonic add, for experiment, a pre- 
paration of, 65. 

Carbons, paraffine. 402. 

Card experiment 100. 

(’artesian diver, 73. 
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Cast Iron field magnet, 508. 

(’austh's, 1208. 

Caution about illuininati<m, 1283. 

Cell, gutta peiTlia, 403. 

Cell, wax, making, 300. 

Ceiitiitugal furre, 11. 

Centrifugal force, action of, on air, 112. 
Centrifugal force, action of, on liuuius, 

112, I'l. 

Cenlrltugal force, top for showing the 
action of, 13. 

Centrifugal railway, 11. 

Centrifugal siren, 171. 

Chapman’s aspirator, 103. 

Charcoal, ab.smpilon of carbonic acid 
by, 04 

Chemical ihermoscope, 108. 

(.’liiine, electriuil, 384. 

Chloride of silver cell, 405. 

Choral top, li2. 

Chromic acid battery, 4112. 
Chromotrope, 1217. 

Chrysoberyl, 1201. 

Chrysolite, 1200. 

Churcii windows, rattling of, 1125. 
Ciliated organisms, microscopic examlna- 
tlon of, bv Intermittent light, 12012. 
Circuit of simple electric motor, 505. 
Circuits, branch, 148. 

Circular polarization, -.53. 

(.’irculation of blood in fish's tail, 120.5. 
Circulation of blood in fn»g's foot, 1205. 
(’lamond’s thermo-electric battery, 4 -l’. 
Clappers, 110. 

Cleaning glass for polariscope, 1202. 
Clock, one hundred yi‘ar, 54. 

<iock, Wheatstone's polar, 200. 

Clocks, application of pendulum to, 10. 
Coating the plate, 340. 

Cohesion, 50. 

Cohesion, demonstration of, 50. 
Cohesion, force of, on Ihiuids, 50. 
Cidliiiiatlon of telescopes, 313. 

Color, 21 4. 

(Aunniunicatlng vestteLs, equilibrium In, 
7 4. 

(^oraraiitator, 517 
Commutator brush. 510 
Compact telescope, 310. 

Comparison of sound and light waves, 
200. 

Composite border, 270 
Comiiosltion <)f vibrations, 130. 
<’ompound bar, 183. 

Conipouiul microscope, 28 1. 

Compounding rectangular vibrations, 
140. 

Compressed air, 00, 100. 

Coniiiressihllity, 0. 

Compressing purai), 00. 

Compression, 4. 

Compression, heat due to. 104. 
Compressor, 202. 

Concave cylindrical mirror. 208. 

Concave reflectors. 102. 

Concave spherical mirror, 211. 
Concentration of sound. 158, 102. 
Condenser, electrical, 381. 

Condenser, snb-sfage, 285 
Conduction of heat. 103. 

Conduction of sound. 125. 

Conductivity of metals. 104. 

Cone. mica. 2 is. 

Conical pendulum. 40. 

Conjugate foci. 204. 

Connections of plating dynamo, 496. 
Consequent pole. 353. 

Contact prints. 325. 

Converging rays, convex lens, 206. 
Converter, 358. 


Convex cylinder mirror. 208. 

Copying, ph(»iogriii)hi<-, 310. 

I'oiioii m alcoiiol, i. 

Coulomb, liiK'h of torsion, .53. 

Course of light through Iceland spar, 
234 

Course of light thniugh a prism, 203. 
Cricket, 110. 

Crooke, W. A., 180. 

Cross, Maltcsi*, 240. 

Crushing lorce of the atmosphere, 80. 
Cryophorus. Wollaston’.s, 188. 
Crystallization, examples ol, 274. 
Crystals, 211. 

i'rystals, leaves, stalks and flowers, 277. 
Crystals, panel, with ornaineuts ot, 274. 
Crystals, polaristone for, 255. 

Crystals, wide-angfed. 255. 

Current generator, simple, 408. 

Curves, magnetic, format ii)n of. 354. 
Curves traced by vibiaiing rods, 304. 
Cutting prints, 325. 

Cycloid, 40. 

Cycloidal curve. 52. 

Cy<doid, method of describing, 42. 
Cyclops, 2lMt 
Cidindrical mirror, 134. 


Daguerre. 337. 

Daguerreotype fixing. 344. 

J >agiierieotype gallery. 342. 
Daguerreotype gilding or toning. 344. 
Daguerreotype plate, coating. 340. 
Daguerreotype plate, develojiing, 344. 
Daguerreotype jdaie, scouring. 337. 
Dagncrreotyjie. ;t37. 

Jiaguerre’s discovery, 344. 

Daniell battery, 4ou. 

Daphnia. 291. 

Dark room, 341. 

Davy. 518. 

Dead-beat galvanometer, 434. 

Decorative art. suggestions in, 272. 
Depolarization of electrode bv mei han- 
ical agitation. 410. 

Deprez-D’Arsonval galvanometer, 434. 
Designs on wire i Joth, 02. 

Destruction of life bv removal of air. 

r\o ' ' 


Detail, to bring out in a photographic 
negative. 323. 

Determining speed by resonance. 109. 
Develoiier, Jleacli. pyro-potash, 321. 
Developer, hydrochin on. 323. 

Development of plates, 321 
Diamagnetism. 404. 

Diaphragm cell, 179. 
l>iapliragm iris, 2S5. 

Dlai>hragm microscope, 281. 

Diaphragms, vibration of. 042. 
Diatoms, markings on. 230. 

Diffusion of gases, 00 
Diffusion of gases, law’ of, 71. 

Diffusion of gases, simple way of show^- 
ing, 00, f>7. 

Dilatation of a balloon in a vacmiin, 85 
Dimensions of motor. 521 
Discharge, electric, over finely divided 
■ metal. 375. 

Discharger, jointed, 38. 

Disk, w’ith silvered head.s, 175. 
Dlsrnntlve di.scharge. 384. 

Distribution of electricity on the plates 
of the Wimshurst machine. 374 
Diver. Cartesian, 79. 

Diverging rays, concave lens. 290. 
Diversion of electric discharge by mois- 
ture. 377. 

Divisibility, 4. 

DlvislDllIty. extreme, 4. 
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Double mouthpiece, ISO. 

Double poianziiilou by single plate, -45. 
Double lefractiou, -5;^. 

Doubler, Norremberg, :i45, -5i{ 

Doubling hooks of bee’s wing. -1)0 
Dj-aiier, 35JS 

Driving gear, friction, for a gyroscope, 
HO. 

Dropped and projected balls^ 4M, 44. 
Drops, I'riiice Kuperl's. 57. 

Drum armature, 4i5. 

Drv objects, tjuick method of mounting, 
Hl)7. 

Dutch tears, 57. 

Dynamic electricity, .‘iOH. 

Dynamo, elec tro-pla ting, 41>5, 

Dynamo, hand i)o\ver, 487. 

Dynamo, principles of, 405. 

Dynamo, Westinghouse, 555. 

Earth, magnetism by induction from, 
54 < . 

Earth’s rotation shown by pendulum. 47. 
1‘jast Uiver bridge, IHO. 

Eaton, Prof. A. K., 517. 

Edison listening to the lirst phonogram 
from bhiglaiui, 151. 

Edison’s new phonograph, 151. 

Effect of armature on permanent mag- 
net, 550. 

Effects of magnetic indu<*tion, 551. 

Egg and brine experiment, 81. 
Elastieity, 0. 

Dlastieiiy of gases, 7. 

Electric chime, 584. 

Electric condenser, 580. 

Electric discharge through vacuum tube, 
580. 

Electric discharge, various phases of. 
571. 

Electric tly, 385. 

Elect ri<‘ machine, WImshurst, 570. 
101e<*trh‘ machine. Winter’s, 5G0. 

Elec'tric motor. 500, 470. 

Ele<*trlc motor, tifty-cent, 451. 

Electric pendulum, 500. 

Electrical gyroscope, H4, H7 
I'Tlectrical gyrosc(^pe for showing the ro- 
tation of ‘the earth. H8. HO. 

Electrical measurements. 44 H. 

Electrical perfection of glass, 584. 
Electrical units, 4H5. 

Electricity, frictinnal, 550. 

Electri<*ity, masked, 5tiH. 

Electricity, vltrcfuis and resinous, ,501 
p]lectrilied threads. 501. 

Electromagnet. 457, 

Electro-magnet, ex])eriments with, 404. 
Electro-magnet, inexpensive, 4tn. 
Electrodes, mechanical depolarization of, 
414. 

Electroplating dynamo, 405. 
Electrophorijs, 508. 

Electroscope, .501. 

Electroscope, exporimonts with, .50H 
Elliptical polarization. H55. 
l''ndosmometer, 71. 

Eridosmose, pressure by, 70. 

Escapement, ,50. 

E<inatorially mounted electrical Indi- 
cator, 5.5. 

Erpiilibrium in communicating ve.ssel.s, 

( 4 . 

Euler, 200. 

Exhausting Oeissler tube, 104. 

Exosmose, 07 

Exosmose, partial vacuum by, 70. 
Expansion, 4. 181. 

Expansion of gases. 85. 

Experiment with scientific top, 153. 


Extension, 1. 

Extraordinary ray, 255. 

Dye-pieces for telescope, 512. 

Falling bodies, 58. 

Falling bodies. Jaw of, 5*J. 

Fitt.v-ceiit electric motor, 471. 

Field magnet of motor, 511 
Films, mica, 255. 

Films, thin, 255. 

Filter pump, luiiiseu’s, 102. 

Fill rat lull, 0. 

Fixing bath for photos, 57'i 
Fixing daguerreotype, 544. 

Flageolet, 1H5. 

1- lame, manometrie, 155. 

Flame, speaking, 152. 

Flame, vibrating, 154. 

Flames, musical. 145. 

Flames, sounding. 145. 

Flames, sounding, analysis of, 145. 
Flames, vibrating. 150. 

Flask, Bologna, 57. 

Flexure, elasticity of, 7. 

Floating magnet. 557. 

Flowers, sensitive, 105. 

Fly, electric, 585. 

Fly-fly, 111. 

Flying pendulum, 55. 

Fly-wheels. SO. 

Fly-wheel, bursting of. 34. 

Fly-wheels, flexible, 55. 

Focus, principle of (oncave lens, 205. 
Focusing camera, 510. 

Fogging, 510. 

Foramlnifera, 200. 

Force, 8. 

Force, lines of, .5.54. 

F(»rce of cohesion in liquids, 50. 

Force of steam. 105. 

Formation of secondary battery, 420. 
F<n*ms of lenses, 204. 

Foucault’s experiments, 40. 

Fountain, Hero's rotarv, IS. 

Franklin. 181 
Franklin’s plate, 581. 

Freezing by rapid evaporation, 188. 
Fresnel, HOP. 

Friction, 0. 

Friction, heat due to, 104. 

Friction, rolling. 10. 

Friction, sliding, 10. 

Fricthntal driving gear for g^^roscopes. 
20 , 

Frictional electricity, 550. 

Frog p!at(‘, 200. 

Fuller coll, 41.5. 

Fusion, 181. 

<lalilec»'s discovery. 40 
< la I lories, whisjicn-ing, 150. 

GalJory, daguerreotype. 545. 
(lalvanoimdoj* and battoi-v, exr)erlraonts 
with, 501. 

Galvanometer, I >eprez-D’Arsonval, 554. 
Galvanometer, tangent, 440. 
tlaIvanoinet(*rs, 45.5. 

Gas pressure, aiiparatus for producing, 
1 07. 

Gas wheel. 87. 

Gases, 0. 85. 

Ga.sos. a))Sf)rpHon of, 04. 

Gases, di^’fiislon of, 00. 
tlases, diffusion of, simple way of show- 
ing, 07. 

flasos, extianslon of, 85. 

Gases, weigliing of, 80. 

Gassiot’s cascades. 500. 
flassner’s dry battery, 407. 

Gathering microscope objects, 287. 
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<iatlierlng microscopic objecle, Imple- 
meiii lor, li87. 

•Geissier lube, exhausting, 104. ^ 
iieissler tube, sell-exciting, ;ibo. 
ilenerator ojC currents, 

Gilumg and toning, ;145. 

(iirder, breaking o£ by pith balls, 12 1 . 
<4lass, hand, 88. 

Glass, perfectly elastic, 7. 

Glass, pulse, 184. 

Glass, strained, 241. 

Glass, strained by heat, 248. 

Glass, strained by pressure, 248. 

Glass tup, 12. 

Gloucester cathedral, 150. 

Glow of the negative collectors, 878. 
Gl<m of the positive collectors, 878. 
Gold crystals, 201. 

Goldlish, circulation of blood in tall of, 
207. 

Gramme armature, 474. 

Gramme machine for Illustration, 472. 
Gravity battery, 410. 

Green, John, 817. 

G renet battery, bottle form, 300. 
Grenet battery with air tubes, 415. 
Grindstones, bursting of, 87. 

Grove battery, 411. 

Gun, Quaker, 48. 

Gutta-percha-lined cells, 408. 

Gyroscope, 10. 

Gyroscope, electrical. 24, 27, 31. 
Gyroscope, friction driving gear for, 20. 
Gyroscope, pneumatic, 21. 

Gyroscope, steam, 21. 

Hammer, water, 30. 

Hand glass, 88. 

Hand power dynamo, 48. 

Harmonica, 120. 

Harmonica vibrations, 12G, 

Harp, .Marloye’s, 122. 

Head.s of field magnet, 512. 

Heat, 181. 

Heat, conduction of, 103. 

Heat due to friction, 104. 

Heat due to pressure, 104. 

Heat, latent, 185. 

Heat, a mode of motion. 181. 

Heat, radiant, Tyndall’s experiment on, 
IStl. 

Heat, reflection of, 103, 

Heat, retiection and concentration, 102. 
Heated air. ascensional power of, lOG. 
Heating tool, 200. 

H emit rope, 258. 

Hero's fountain, rotary, 18. 

Herschel, 212. 

Hoffman, 223. 

Holder for soap film, 203. 

Hooke, 200. 

Hooke’s Invention, 54. 

Hot air motor, 100. 

Hundred year clock, 54. 

Huyghens, 200. 

Huyghens’ inventions, 40. 

Hydraulic ram. SO. 

Hydrochinon developer. 223. 

Hydrostatic press, by|)othetlcal. 70. 
Ilydrostntic press, principle of, 75. 
ITydrostatlc pressure, 72. 
llygrometry, 100. 

Hygroscope, 107. 

Hygroscopic rosea, 108. 

Hygroscopic and luminous roses, 108. 
Hypothef leal lens, 203. 

Iceland spar, 233. 

Illumination, caution about, 283. 
Illusion, disk, 175. 


Illusion, optical, Uapleff’s, 230 
Illusions, 228. 
illusions, optical, 223. 

Impenetrability, 1, 2. 
implements lor gathering microscopic 
objects, 287. 

Incandescent lamp, 221. 

Inclined plane, lO. 
indicator, elec trie, 33. 

Induced current fr«)m Induced magne- 
tism, 407. 

Induction machine, Wirnshurst, 37u. 
Induction, magnetic, 413. 

Inertia, 8. • 

Inertia of air, 100. 

Inertia locomotive, 0. 

Inexpensive air pump, 01. 

Infu.soria, 200. 

Insects, 278 

instantaneous photography, 310. 
Instruments, stringed, 124. 

Insulating stool, 387. 

Intensification of jihotographic nega- 
tives, 234. 

Intensity of light, 222. 

Intermittent light, examination of cil- 
iated objects by, 202 
Interrupter, light, for microscope, 203. 
Inventions, ancient, 100. 

Iodine box. 342. 

Iodine cell. 180. 

Iris diaphragm, 285. 

Irradiation. 221. 

Isuchronism, 51. 

Jew’s harp. 143. 

Joint resistance of branch circuits, 448. 
Jointed discharger, 380. 

Journal box. 510 
Jupiter, 314. 

Kaleidoscope, 213. 

Kater’s reversible pendulum, 48. 

Kent’s trough, 205. 

Key, bridge. 447. 

Kits, photographic, 310. 

Koenig’s manometrlc llames, 178. 


Lamp, incandescent. 221. 
Lantern slides, 325. 
Latent heat. 1S5. 


Lateral i)ressures, 
Latour, (^agniard, 
Law controlling 
32 


70. 

172. 

gyroscopic 


movement, 


Law of diffusion of gases, 71. 

Law of falling bodies, 30. 

Law, Pascal’s, 73. 

Law, Pascal’s, demonstration of, 72. 
Leaf, sensitive. 107. 

Leclancho battery. 400. 

Le Conte, Dr.. 105. 

Length of resonant tube. 145. 
Lengthening the sj)aik, 378. 

Lens, bypot bet leal. 204. 

Lens, sound. 105. 
lA'nses, 204. 


Lenses, forms of, 204. 

Leyden jar. 382. 

Leyden jar, attaebment to Wiinsburst 
maobine, 373 
Light. 200. 

Light, analysis and synthesis of, 213 
IJfe, destni(*tion of bv removal of air, 
08. 

Light, Intensity of, 222. 

IJgbt interrupter for microscope, 203. 
IJght modifier, 285. 

Light, polarized, 233, 

Light, polarized, experiments in. 230. 
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Light and sound, refleotion of, 159. 

Idues uf forco, 55-i. 

I^iqiiids;, 7-. 

Liquids, (.'oaiprossibillty of, 72. 

Liquids, pivssuit* oxoiied by, 72. 

Liquids, top for showing rontrifugal ac- 
tion on, IIL 

Lissajous' exporimonts, 13(J. 

Lithlo acid, 273. 

Loct'yer, J. Voriuan, 214. 

L<M't»motivo, inertia, 9. 

Lobrirant, frietion lessened by, 9. 
laiminuu* paint, 19S. 

Luminous roses, 19S. 

Magnet, ch'ctrie, 457. 

Magnet. eoHirk, for experimentation, 
45S. 

.Magnet, field, east iron. oos. 

Magnet lorming the held, 503. 

Magnet and rolling armature. 358. 
Magnets, lloating. 357. 

Magnetic ciuves. arborescent, 350. 
>Iagnetit‘ cuives. forma ii(Hi of, ,354. 
.Magnetic curvor. in relief. 355. 

Magnetic induction, 400. 473. 

.Magmuie induction, effects of. 351. 
Magnetic key. 47S. 

Magnetic pole, nentrallzlng effects of 
an opiKJsing, 352. 

Magnetic top, 2»5S. 

.Magnetism, 317. 

.Magnetism liv Induction from the earth, 
347, 

Magnetism hy torsion, 34S. 

5Iagnet ization <if bars, 3-18. 

Magnelo^electric niaclilne, 470, 479, 481 

Magniher, wat<'r bulb. 2t)8 

Magnus’ experiment, 33 

Maltese cross. 219 

.Maiiomelric Haines, 135 

Manometri<* Hames. Koenig’s, 178 

Markings on diaioms, 230 

Marloye’s hari), 122 

Mars, 314 

Masked elect rii ity, 302 
Mayer, Trof. A. .M.. 357 
Mayer’s boating lOM'dles, 357 
M<‘asurernent of time by pendnlnm, 49 
Measurements, electric, 442 
Measuring jar, 3.s3 
Mechanical hird, IVnaud’s, 111 
Mechanical depolarizaii<in of electrodes, 
414. 

Mercurial coltimn supported by atmos- 
phere, 91 

Mercurial shower. 5 

Mercury hath, 314 

Metals, conductivity of, 194. 

Metallic thermometer, 182 
.Motallophone. 119 
Mica cone, 24t» 

Mica films, 253 

Mica objects for x><>lariscope, 247 
Mica plates. 293 
Mica semi-cylinders. 248 
Mica semi-c'.vllnders, crrissed, 248 
Mica star, fan and cr<>ssed bar.s, 251 
Mica wheel, 250 
Mi< roscope, modern, 284 
.Mieroscofie, sirnjde xmlari.seope for, 300 
Microscope slides, withdrawing air from, 
99 

Microscope, water lens. 270 
Micros! opic examlnathm of ciliated or- 
ganisms, 292 

Microscopic exhibition of vibrating rods, 
304 

Microscopic objects, gathering, 287 


Microscopic olijects, simple iitilavlseope 
lor, 2U2 

Microscopic objects, various, 2<S7 

Microscoi»y, 2<8 

Mill, liarker’s, 79 

Mirror, convex spherical, 211 

Mirror, cylindrical. 13 1 

Mirror, rotating. 132 

Mirror, spherical, 219 

Mirrors, 20 

Moditier, light. 284 

Molecular actions. 5(> 

Molecular forces, 4 

Molecules, adhesion and cohesion of, 59 
Moon, 315 
Miniar. 390 
Motion, S 

Motion produced bv permanent magnet, 
:U9 

Mol ion, vortex. 114 

Motor, elect rh% 170 

Motor, electric, simiile, 4t)7 

Motor, hot air, 199 

Mouth organ. 120 

Mtnith Used as a resonator. 143 

Mouth vacuum appa talus, I'MJ 

Mouthpiece, flouhle, 180 

Movement, gyroscoidc, law of, 32 

Multiple reflection, 212 

Music box. 119 

Musical Haines. 145 

Mush a 1 instnunents, stringed, 7 

Musical lop, 119 


Nebuljo, 315 

.\eul ralizing effect of opposing poles,. 
3o2 

Xt‘Wton. Sir Isaac. 200 
XcNMon’s rings. 302 
.Xii'ol itrism, 299 
.\iepce, 337 
Niter, 258 
Xois(‘, 119 

Nttrremberg doubler, simple, 245, 251,. 
253 


Objects, ga titering microscopic, 287 
Objects, mh a, for polarlscopc, 247 
objects, microscopic, various, 287 
Objects fur jtolariscope. 244 
Objects for simjtle poiariscope, 307 
Objects, telescopic, 314 
Oblate spheroid, 17 

Oblique lines, ajipareiit deviation by,. 
225 

Ocarina, 123 

Ohm's law. 427 

Opfhal illusions, 223 

Optical Illusions, cnrious, 220 

Oj^tical illusions. Thompson, 228 

Ordinary ray, 233 

Organ, mouth, 12t) 

ffscillating and cimical pendulums, 45 

Over-development of p ho tf>gi*a [title plate, 

Over-exposure of [thotttgraphlc plate, 322 
Over-tones of a bell, 144 


I*aint. luminous, 199 
raridean jtiites, 122 

Panel with ornaments of crystals, 274 
I*araboJic reflect h)ns, 159 
Paraffining carbons, 402 
Pasi-al’s experiment, 73, 91 
Pa.scal’s law, 73 

Pascal’s law, tiemonstration of, 72 
Pebbles. Brazilian, 209 
Penaud’s meclianlcal bird, 111 
Pendulum with audible beats, 47 
Pendulum, application of to clocks, 50* 
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rcncliilum, calculating of length of, 4G 
l*eiKliilum, Hying, 00 
I’endulum, ivatcr's reversible, 48 
I'endiiluui, length of at iiaiiimerfest, 4r> 
iV'iKlulum, length of at St. Thomas, 45 
l^mduluni, meusuj-ing time by, 41) 
IVnduluni, oscillating and conical, 45 
IVndulum, seconds, 45 
IVnduluni, simple, 45 
IVnduluin, torsion, 52 
iViToration of glass, 584, 
iVrmanent magnet, effect of, on arma- 
ture, .‘{50 

IVrmaiieiit magm't, motion produced by, 
•> t i 

Persist (Mice of vision, 220 
IVusistent rotation, 1) 

Pluintom bomiuet, 211 
I’liouugnim, lOdisnii listening to, 151 
Phonograph, Kdisoifs, 151 
Phonograph, hrsi audience of, 151 
Phonograph, perfect <‘cl, 150 
I’honogrniih simple, 150 
J‘honograi)h, t(\st of, 150 
JMionograpliic reconls, 150 
lMu)sphor(‘scence, 1 00 
Iffiotogi-aphic camei’a, 518 
IMiotographic ch‘aring, solution, 525 
IMiotographic cojiying, l.'t, 10 

l*hologi-aphic negative, to hiOiig out de- 
tail in, 525 

lMu)togr}ii)hic negatives, washing, .*{25 
lOiolographic plate, ov(‘r-exp<»sure of, 
521 

Photographic iirint, toning solution fur, 
527 

Ph<»tographic shutters, 521 
Photographs, black tones on. .‘>27 
J 'holographs, brown tones on, .‘127 
Phol(jgraphs. tixing hath for, 527 
Photogi'aphs, instaiitamsms, 

Photogi*a|)hy. 518 
Photogrni)hy. Ix'st s('ason for, 510 
Photography, develojimeiil (»f, .‘{21 
Pholometei’. 222 

Photo-microgra])hic apimratus, .‘>52 

Photo-prints, coating, .*{25 

Pil)cs, 122 

I’ipcs, closed. 12.5 

Pil)(*s, open. 12.‘{ 

Pi|»(‘s, r(*(‘d, 121 

Pith hall, <‘l(‘ctrical attra<'tion and re- 
pulsion of, 55P 
Pith hall ('led i'os(M)])e, ,501 
Pith halls, (laming, .'{tUt 
Plane of rotation, change in, 14 
Plant hairs, 200 
Plante's secondary battery, 418 
Plants, a(iualic, 2S7 
Plate holders, 510 
Plate hold(*rs, hag, 5.‘>0 
Plating dynamo, coiima-t ions of, 49G 
Plates, tourmaline, 25(i 
PI(‘urosigma angulatum, 252 
IMunge hatt<'ry, 401 
Pneumatic gyroscope, 24, 31 
Pneumatic syringe, 0 
Polar clock, 2t>0 

Polarisco])o for determining tempora- 
tur(‘s. 200 

Polarlseopo for large objects, 202 
Polarlscope, mica objects for. 217 
Polarlseopo for micros('opic objVcts. 202 
P(»lariscope, objects for. 244 
Polarlseopo, simule. for microscope. 500 
Polarlseopo for wide-angled crystals, 2.55 
Polavlscopos, 251 

Polnrizaticm and analyzatlon by a bun- 
dle of plates, 2 44 
Polarization of batteries, 505 


Polarization, circular, 250 
Polarization, elliptical, 255 
J'olarizatioii by reffeciion, 257 
lN>larizalion by refraction, 257 
IVlarization by single plate, 240 
iVlarized bell, 485 
Polarized liglit, 255 
l*olariz(*d light, exi)erirnents in, 2:>'.> 
Polarizer, black glass, 25.s 
pollen of marshmallow, 200 
Poly prism, 205 
P<md life, 278 

Popgun used as a pneumatic syriug< 
pores, physical, 4 
Poj-es, pljy.sieal and sensible, 4 
pores, sensible, 4 
Porosity, 1 
I*ow(‘r, storage of, 0 
I'ractical ai»plication of th(‘ polariscoiw, 
2<i8 

IM’ess. hydraulic, simple. 77 
I'ress, hvdrostutie, prineij)lo of, 7.5 
IV(‘ssijre" oi air. S!» 

Pr«‘ssur(‘ of (uidosniose. 0>7 
Pi*(‘vsure, lH‘at dm' to. 104 
lV(‘ssur(% hydrostatic, 75 
Pressuri'. latt'inl, 70 
Pressure for S(‘nsitive llaim's. 100 
I Prince Kui)crt‘s droi)S. 57 
]M*incii)al foctis of si convt'x lens. 204 
J*rinciph‘ of tangent gal\ iuioineier, 4.‘{;* 
l‘riniing }>hotogn\phs. .‘>25 
J'rints, coiitsict. 5.25 
Prism, c(Uirse of light through a, 2o;> 
I'rism, 2.‘{4 

I’rism. ro< king. 214 
Prisms. 202 

lM‘oh<»seis of hlow-tl.v, 200 
I’roj)<‘rti('s of bodies. 1 
Puls(‘ glass. 1S4 
]’umi>. tiller, Punsen’s. 102 
I'ump, Wirt/.'s, 100 

Quaker gun 45 

<}uarter 11.1* electric motor. 510. 

Qiiun’tz, 250 

(jusirtz j)ohiri/,(‘d circular. 250 
Quick iiK'ihod of mounting di\ ohjt'cls. 
207 

RadinI disks. 170 

Itadiaiit lu'sU, Tyndall's exiieriment in, 
ISO. 

Radiometer. 180 

Ibnlroad bridges, vibration of, 12t{ 
Railway, centrifugal, 11 
Railway, spiral, 1 1 
Rsim. hydraulic. So 
KaplclPs optical illusions, 250 
Rji.v, extraordinary, 2.'>.'{ 

Ray, ordinary, 2.‘15 
Reaction. So' 

Rcactioiisii y sipparatus. 70 
Real imag*', 20i; 

Receiver, air i»iimt>. 00 
Rec(*iver f«)r aspirator. 105 
Record. phonogra]>hic. 150 
Recording voltmeter. 454 
Rectsingular vibrations, comiiounding of. 
140 

Rei’tilinear motitui, conversion of into 
rotary, 0 

Reduction of volume of alcohol aiul 
winter mixture, .‘1 
Reeds, 121 

Reflecting telescone. 212 
Retlectlon and <‘oncentration of lunt, 
1 02 

Reflection and concentration of sound, 
1 58 

Reflection of light and sound. 150 



530 


INDEX, 


Kelioc'tiou, multiple, -1- ^ 

ivetteciors, parabolic, lob 
Kelieclion, poianzaiiuu by, 237 
KoUectors, concave, lb2 
ICefraciioii, ::ui: 

Kefiacliou, double, 233 
Kelractiou, polarization by, 237 
Kefractiou of jsoiiua, 104 
Uc-enforcemout ol hoiind, 141 
Itchisiauce box. brulge. 444 
Itcsonaiue. detormiiiiiig speed by, 1Gb 
iiesouant, mouth used as, 143 
Uesonaiit tubes, 140 
Uesonant tubes, leiigtli of, 14G 
Itesonaut vessel, selected power of, 142 
Kest, 8 

Uest, relative. N 

lieversible pendulum, Kaier’s, 47 

Uevolviug tables, substitute tor, 282 

KocUer, Treselyau, 103 

Uocldiig car, lt>4 

Itockiug prism, simple, 214 

Kods, \ibraiiiig:, il8 

liods. vibrating, micrusc<»pic, exhibition 
of, 304 

Jvolling armature. .‘toS 
UoHing friction, lo 

Uoses, hygroscopic and luminous, IbS 
Ji< dating* mirror. 1 32 

Rotation ol tlie earth, gyroscope for 
show ing. 33 
U(»tiiliou, persistent, b 
Rotifer, 2bn 

Rotifer, exhibited by intermittent light, 

2 bo 

Rougliening liatiery plates, 41b 
Ruby light* 3Ib 

Sails, as concent I’ators and retleeti>rs 
of son mi, l.”p 
Salicine crystals. 272 
San Salvador, lot) 

Sautouine. 273 
Saturn, 314 
Savart’s wheel, 171 
Sclent ilic top, 14. 177 
Scouring the plate, 337 
Secondary battery, Plante, 41 S 
Seconds peiiduluui, 43 
Seeds, 2bU 
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EXPE CE. 

CHAPTER I. 

E L E C T K I C L I G JI T 1 N G. 

THE ARC SYSTEM. 

Broadly speaking, there are but two systems of electric 
lighting, the arc and the incandescent. Sir Humphry 

Fig. 501. 



Voltaic Arc. 


Davy discovered in 1809 that, when two carbon points 
joined to the terminals of a powerful battery, were brought 
into contact and then separated a short distance, a flame was 
produced between the points, and the ends of the carbons 
became incandescent, emitting an intense white light. This 
arch of flame joining the carbon points was called the vol- 
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taic arc. Since this discovery, the attention of inventors 
has been devoted to the production of suitable carbon rods 
for the arc lighting, and to methods of forming the arc, and 
maintaining it at a uniform length. 

There are many varieties of arc lamp, all of which are 
necessarily based on the discovery of Davy. There are also 
many kinds of dynamo adapted to furnish currents to arc 
lamps, and a large variety of accessories, such as switches, 
cutouts, resistance boxes, current indicating and measuring 
instruments, by many inventors. It is therefore obviously 
impossible to enter into a detailed description of them all. 
The United States system, employing the Weston dynamo 
and lamp, has been selected as a representative system. It 
has been long in successful use in New York and other cities. 
One of its most interesting applications is that of the illu- 
mination of the New York and Brooklyn bridge, where 8o 
arc lamps are supplied with the current from four dynamos. 

The Weston machine is shunt-wound, i. r., the current 
divides at the commutator brushes, a part passing through 
the wire of the field magnet, the remainder supplying the 
external circuit. The armature, which is of the drum type, is 
provided with a sectional core consisting of soft iron disks 
insulated from each other, and separated by a small space. 
Air is made to circulate through the armature by centri- 
fugal action. 

The winding of the armature is similar to that shown in 
Fig. 462. Fig. 503 is a diagram of the winding. Here the 
small loops show the points of attachment to the commuta- 
tor bars. The full lines represent the first series of coils 
wound on the armature. Each coil of the first series occu- 
pies a portion of two diametrically opposite spaces, but it 
will be observed that, although each space contains a coil, 
only half of the commutator bars can be connected with this 
series. Therefore, a second series of coils is placed upon 
the armature, as shown in dotted lines. These coils are 
arranged in the spaces at the side of the coils of the first 
series, as shown in Fig. 504 — the wires of the first series 
being represented by the black circles, and those of the 
second series by the white circles. 
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The Weston Dynamo. 
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The manner of connecting the terminals of these coils 
with the commutator bars is clearly illustrated in Fig. 505, 
which is a perspective view of the end of the armature. The 


Fig. 503. 


Fig. 504. 
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Diagram and ('ross Scclitai (it esto.i Armatiuc. 

beginning of one coil of the first series, represented by the 
black lines, is connected with a commutator bar, and the 
end of the same coil and beginning of the next black coil arc 

Fig. 505. 


Commutator Connections. 

connected with the second commutator bar in advance. The 
coils represented by the black lines are thus connected with 
alternate bars of the commutator, and in a similar manner 
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Weston Arc Lamp. 


the terminals of the 
coils shown in white 
lines are connected 
then with intermediate 
bars of the commuta- 
tor. 

By this arrange- 
ment of the coil ter- 
minals, short-circuiting 
of any coil is av'oided, 
and by arranging the 
coils equaih' distant 
from the armature 
core, the length of con- 
ductor in all of the 
coils is rendered prac- 
tically equal, and all of 
the coils arc made to 
pass through the same 
part of the magnetic 
held. By this means 
sparking at the com- 
mutator is avoided, and 
the cfficienc}' of the 
machine is increased. 

The Weston arc 
lamp is shown in pers- 
jiective in Fig. 506 and 
in detail in Figs. 507, 
508 ai\d 509. In this 
lamp the arc is some- 
what less than one 
thii'ty-second of an inch 
in length. As com- 
pared with most other 
systems it is extremely 
short. The arc in the 
Brush system is nearly 
one eighth of an inch. 
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The Weston system employs a current of about i8 amperes. 
The resistance of the lamp is about one and a half ohms. 
By the use of a heavy current a little hugger conductor 
is required, but this disadvantage is more than counter- 
balanced bv an increase in light, a better color and greater 
steadiness. Another advantage of the short arc system is 
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Feeding Mechanism of the Weston Arc Lamp. 


the decreased liability of injury to ])ersons coming in contact 
with the conductors. 

In Fig. 506 is shown a duplex or double carbon lamp 
designed for all-night burning. I he regulation of the arc is 
effected in this lamp by a sfngle electro-magnet, D D, which 
feeds both sets of carbons, and is differentially wound with 
two sets of coils, one of coarse wire, which is included direct- 
ly in the arc circuit, the other (jf fine wire placed in a derived 
circuit of high resistance. This arrangement of high and 
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low resistance coils in the lamp is necessary to adapt it for 
use in series. 

The lower terminal f)f the coarse wire helix is electrically 
connected with b(jth upper carbon carriers, and the current 
and feeding mechanism are shifted simultaneously at the 
proper time to the second set of carbons by the shifting 
magnet M, included in a derived circuit of high resistance. 
The shifting lever C carries wedge-shaj)ed slides h, h', which 
are inserted under the ends of one clutch or the other, so as 

to trip it and prevent 
it from further engage- 
ment with its rod. 

While the first set of 
carbons is burning, the 
circuit of the magnet M 
is open. The upper car- 
bon R of the second set 
is held up by the hook L, 
and the shifting lever is 
locked in the proper posi- 
tion to lift the first clutch 
free and trip the second. 
When the first set of car- 
bons is consumed, the 
circuit of the magnet M 
is completed by a stop H 
on the upper rod R com- 
ing into contact with the 
guide K, and the shifting 
magnet, drawing up its armature G, lifts the detent from 
the lever C, allowing it to swing off, and at the same time 
reverse the positions of the slides under the clutches, and 
release the upper carbon of the second set. 

As the upper carbon, R', of the first set is supported out 
of contact with its lower carbon by the stop, the current is 
diverted to the second set of carbons as soon as they come 
into contact, and the feeding magnet now works the second 
clutch instead of the first. This is done instantaneously, so 
that no flicker in the light is noticeable. 


Fig. 509. 



Plan View of Feeding Mechanism. 
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The feeding mechanism of the single lamp is the same as 
that of the duplex lamp, omitting the duplicate parts and 
the shifting mechanism. 

It is necessary that the electro-motive force of the arc- 
light machine should be variable within wide limits, to adapt 
the current to a var3’ing number of lights. In this kind of 
illumination the current remains constant, while the electro- 
motive force varies from that required for the operation of 
a single arc lamp to that neccssarv to overcome the resist- 
ance of all of the lamps and other resistance in the circuit. 

It is obviously imprac- Fu;. 510. 

ticable to regulate the elec- 
tro-motive force bv chang- 
ing the speed of the dynamo. 

In the Weston system this 
is effected b}' introducing 
resistance into the field 
magnet circuit. The rheo- 
stat shown in Fig. 510 is 
introduced into the field 
magnet circuit, as shown in 
the diagram, Fig. 511. By 
turning the lever of this 
rheostat an}' amount of re- 
sistance may be put in the 
field-magnet circuit, thus 
varying the amount of cur- 
rent used to excite the field Rlieostat. 

magnet, consequently varying the electro-motive force of 
the dynamo. 

The Weston dynamo, however, does not require adjust- 
ment for every change of resistance in the lamp circuit. It 
being a shunt-wound machine, the current will be properly 
apportioned to the external and internal circuits in accord- 
ance with the resistance offered by the external circuit. 
When only a single lamp is in operation, the resistance will 
be only one and one half ohms, as already stated, conse- 
quently the current will be divided in proportion to the 
resistance of the external and internal circuits, so that very 




ELECTRIC I.ICnTIXG. 


0 


little current will pass through the field-magnet circuit, and 
the electro-motive force will be proportionately small ; but 
when the resistance of the external circuit is increased by the 
switching in of additional lamps, more of the current will be 
diverted to the field magnet, thereby increasing its strength, 
consequently raising the electro-motive force. 

Fig. 51 1 shows a number of arc lamps in series. The 
lamp resistance of this circuit is in direct proportion to the 
number of lamps switched in at any time. 


Fig. 511. 








Diagram of Arc Light Circuit. 


In this diagram the external circuit, A A, including the 
lamps, proceeds from the binding posts, which are directly 
connected with the commutator brushes by wires, bb. The 
terminals of the field magnet wire are connected with the 
binding posts by wires, aa. It will thus be seen that the 
current taken by the brushes from the commutator is divided 
at the binding posts, passing from one brush through the two 
routes open to it and returning to the other brush. 

The field-magnet circuit is interrupted between the two 
upper coils and wires, B, connected with the coil terminals 
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and with the rheostat. This arrangement permits of in- 
troducing any required amount of resistance in the field 
magnetic circuit, thus controlling the E. M. F. of the 
machine. 

The Weston dynamo is also perfectly adapted to incan- 
descent lighting. With a constant speed the regulation of 
the current is automatic. 


INCANDESCENT LIGHTING. 

The arc light is specially adapted to the illumination of 
streets and large open or closed areas ; but it cannot be suc- 
cessfully applied to lighting in a small way like gas or oil. 
The incandescent system permits the subdivision of the 
current, and consequently of the light, to any degree. 

While lighting b}' incandescence had been the subject 
of much tliought and experiment by different inventors, 
undoubtedly Mr. Edison was the first to produce a commer- 
cially successful system of incandescent lighting. The suc- 
cess of the system depends upon two principal features, the 
vital one being the high resistance lamp, by means of which 
any degree of subdivision of the current is rendered pos- 
sible; the other being the system of electric distribution 
by which the current is furnished as required to each lamp. 
The construction of the lamp is clearly shown in Fig. 512, in 
which parts are broken away to show the internal construc- 
tion. The description of the several parts of the lamp 
appears on the page with the illustration. The glass globe is 
exhausted so as to remove as nearly as possible all of the air, 
thus preventing the burning of the carbon. The filament 
which yields the light consists of a carbonized strip of 
bamboo of the size of a horse hair. The diameter and 
length of the filament varies with the candle power required 
and with the strength and voltage of current used to operate 
the lamp. The standard 16 candle power lamp when hot 
has a resistance of 168 ohms and requires a current having 
an E. M. F. of 100 volts ; and, according to Ohm’s law 

( E V 100 6 

— C y 0*595, or about — ampere. In practice 

R / 168 10 



ELECTRIC LIGHTING, 


II 
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Point whore \ 
two parts of the 
Klobii arc joined 
hy fusion. 


Base of insu- 
latiDir niatcriai 
holding two 
contacts. 


Screw threads 
to hold lamp and 
socket poaitlvt*- 
ly together, soc- 
ket contacts 
corresponding 
to lamp con- 
tacts 


Detachable 

socket. 



Exhausted 
glass globe. 


High resist* 
ance carbon t!la> 
ment. Made of 
bamboo. 


Flat seal. 


Wires soaieC 
in glass. 


Irregularities 
in shape, for ic- 
taming the lamp 
in tlie cement. 


Metal casing 
of socket. 


Circuit con- 
troller or key. 


Gas pipe 01 
fixture arm. 


The Edison Lamp 
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the circuit has a certain amount of resistance which must be 
included in this calculation. Calling this 2 ohms, the total 

100 10 

resistance will be 1 70 ohms, and the current will be — = — 

170 17 

ampere. Now by introducing 500 lamps into the circuit the 


Fa.. 513- 
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resistance will be reduced to — its former value, since the 

500 

170 

current has 500 paths instead of one ; — 0*34 ohm. The 

500 

100 

E- M. F. divided by this resistance — =- 294-1 amperes. 

0-34 
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This amount divided among 500 lamps == '5882 ampere per 

10 

lamp, equivalent to — , as in the case of the single lamp. It 

17 

is thus seen that with a constant electro-motive and a current 
of varying strength any number of lamps within certain 
limits may be operated on the same circuit. 

The Edison dynamo shown in Fig. 5 1 3 has a drum arma- 
ture much like that of the Weston machine. It differs how- 
ever from that armature in having an odd number of com- 
mutator bars and in having an armature core built up of 


Fig. 514? 



thin disks of soft iron insulated from the shaft and separated 
from each other by paper. 

Fig. 514 illustrates the method of regulating the Edison 
dynamo. The machine is shunt-wound, and a variable 
resistance, R, is introduced into the field, magnet circuit. 
Whenever the current rises or falls below the normal, the 
switch arm of the rheostat is moved by hand in one direction 
or the other, thus controlling the excitation of the field 
magnet. 

In this diagram (Fig. 514) is shown the old method of 
connecting the lamps, L, in the external circuit. Each lamp 
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is connected with both of the main conductors or with wires 
connected with the main conductoi’s. When connected in 
this way they arc in j)arallel circuit, and in this case when 
one lamp fails the others are not affected. Where several 
lamps arc connected in series and the scries arc connected in 
parallel, if one lamp of a scries should fail, the other lamps of 
the series would be useless without some device for auto- 
matically throwing into the circuit a resistance equivalent to 
that of a lamp, thus maintaining the same resistance in the 
circuit. 

When the Edison electric circuit is arranged as shown in 



Fig. 514, the conductors to carry the current economically 
must necessarily be large, and there is a relation between 
the cost of copper in the circuit and the waste of energy 
in overcoming resistance which cannot be disregarded. 
The first cost of conductors is a large item in incandescent 
lighting. In some circuits there is economy in reducing the 
size of the conductor and increasing the current. In the 
three-wire system illustrated in Fig. 515 a saving of 67-5 per 
cent, in copper is made. Two dynamos, D* D", are re- 
quired. The negative terminal of dynamo, D’, is connected 
with the positive terminal of the dynamo, D^, by the wire, 
a. These conductors are connected with the two dynamos 
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Fig. 516. 


EvS folloM's : Conductor, b, is connected with the positive 
brush of dynamo, D' ; conductor, c, is connected with the 
wire, a, and conductor, d, is connected with the negative 
brush of dynamo, D- ; a number of lamps, L, are connected 
with the conductors, r, and lamps, L‘, arc connected with 
the conductor, t\ d. The central conductor, r, acts as a re- 
turn for the first dynamo and a lead for the second 
dynamo. When the number of lamps between the con- 
ductors, b, c, and c, d, is equal, no current passes along 

the c o n (1 u c t o r, c, 
either from or toward 
the lamps or dynamos, 
and under these cir- 
cumstances the con- 
ductor, c, might be 
disconnected from the 
dynamos without in 
any way affecting the 
results ; but when the 
two groups of lamps 
differ in number, the 
difference of current 
will be carried by the 
central or compensat- 
ing conductor. 

When two dynamos 
are combined on this 
plan, these conductors 
take the place of four 
connected up according to the two-wire system. 

The amount of current used by each consumer is meas- 
ured by the current meter shown in Fig. 516. The ap- 
paratus is dependent upon electrolytic action. Two glass 
cells placed in the meter casing contain zinc sulphate in 
solution. In each cell are immersed two amalgamated 
zinc plates, each pair being connected up in a shunt to the 
main circuit. These connections are arranged so that 
tAtt main current passes through one cell, and one 

tenth of this amount, or -rcAir of the whole current, passes 
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through the other cell. The amount of zinc deposited on 
the negative plate is the basis of the measurement. The 
negative zinc of the cell in the circuit of low resistance is 



removed and weighed monthly by an inspector, while the 
corresponding plate of the high resistance circuit is re- 
moved less frequently and weighed by another inspector,, 
thus guarding against mistakes. The meter is provided with 
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an electric lamp, arranged in the lower part of the easing, 
and with a thermostat whieh completes the electrical cir- 
cuit through the lamp when the temperature of the meter 
falls below the prescribed limit. The incandescent carbon 
furnishes the heat required. 

In Fig. 517 is illustrated the interior of the Edison cen- 
tral lighting station at Harrisburg, Pa. The dynamos arc- 
driven by belts directly from the fly-wheels of high-speed 
engines. In some lighting stations, dynamos very much 
larger than those licre shown are employed. Their arma- 
tures are mounted upon the crank shafts of high-speed 
engines. Some of these armatures weigh over four tons 
and require 130 horse power each to drive them. 

ALTERNATING CURRENT SYSTEM. 

In this system the lamps arc supplied with a secondary 
alternating current pi'oduced in an inducti(m coil by a pri- 
mary current from an alternating dynamo. The primary 
current has an electro-motive force of 1,000 to i.ioo volls, 
while the secondary current has an electromotive force of 
only 50 volts. The induction coil used to convert currents 
of high E. M. F. to currents of low E. M. F. has received 
different names in different systems. In one it is a second- 
ary gcnenitor, in another a transformer, and in another — the 
one Iiere described — it is known as a converter. 

I'he current of higli E. M. F. maybe eeonomically trans- 
mitted to points far distant from tlie generating station, 
where they may be used to induce currents of lower E. M. 
F. adapted to incandescent lighting. 

The Westinghouse system, whicli is illustrated in the 
accompanying engravings, has been largely introduced, 
both in this country and Europe. The dynamo used in this 
system is the invention of Mr. Stanly. It is shown in Figs. 
518 and 519, the first !)eing a side elevation, .he second a 
front .sectional elevation. 

Upon the bed plate. A, is adjustably mounted the frame. 
B‘, of the field magnet. This may be moved longitudinaiiv 
on the ba.se by means of the .screw, r, provided with the 
handwheel, C. Sixteen magnet cores,/, project inwardly 
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from the magnet frame, B, on radial lines meeting in the 
axis of the armature. The field magnet coils are placed 
on the coi'es,/, and secured by collars, The field magnet 
is excited by a direct current from a separate machine. 

The field magnet connections arc made so as to produce 
N and S poles alternate!} , entirely around the circle of the 
magnet. 


Fie. 5rS 



Side View of the Westinshousc Dynamo. 


The core of the armature of this machine consists of 
a cylinder built up of disks of thin sheet iron, insulated from 
each other and clamped firmly together. Around the cir- 
cumference of the cylindrical core arc arranged flat coils of 
wire, one layer deep. These coils are thoroughly insulated 
from the core and provided on the outer side with an insu- 
lating covering of mica. 





Front Elevation of Dynamo. 


are only two terminals for the entire series of coils. These 
are connected with two rin^s carried bv tlic armature shaft, 
but insulated from it and from each other. A collector 
brush touches each ring. The conductors that convey the 
current are connected with these brushes. As the armature 
coils approach the magnet poles a current is set up in them 
in one direction, which is reversed as the coils leave the 
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magnet poles and approach the next poles of the series, 
which are of a different name. These reversals of the cur- 
rent occur with great rapidity. The converter, which is the 
essential feature of the system, is shown in one form in Fig. 
321. This is a reversed induction coil, /. e., its primary wire 
is small and of great length, while its secondary is large and 
comparatively short. 

This converter is formed of two oblong coils of insulated 
wire in which are inserted the tongues of E-shaped pieces of 


Fit;. 520. 



sheet iron from (opposite sides of the coil, so that the parallel 
arms of the E’s overlap each f)ther within and without the 
coil. A more recent arrangement of the iron plates is shown 
in Fig. 522, which is a-tranverse section of the converter 
now used. The plates arc formed of a single piece, with the 
central tongue separated by slits, f f. The wings, fi thus 
formed are bent backward toward the ends of the plate 
while it is being inserted in its place in the coil. They arc 
afterward returned to their original position. 
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These plates alternate in position so as to “ break joints.” 
All plates used in converters are covered upon one side 
with paper to prevent the circulation of Foucault currents 
in the core. 

'Fhe converter is contained in a water-tight cast-iron box^ 
as shown in Figs. 523 and 524. The terminals of both coils, 


Fk;. 521. 



P S, are provided with fusible strips, for protecting the 
circuits, and with plug switches, /t t, for connecting and dis- 
connecting the wires. The fusible strips and switches are 
protected by both glass and metal covers. 

The converters are commonly made in three sizes, 
adapted to supply 40, 30 or 20, 50-volt, i6-candlc incandes- 
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cent lamps each. Larger and smaller converters have been- 
made. It is stated that the cihciency of these converters 
exceeds 95 per cent, when the E. M. F. is reduced from i,(xx> 
v'olts in the primarv to 50 in the secondary or lamp circuit. 

The ratio of ihe number of turns of wire in the ])rimary 
to the number t)f tui'ns of wire in the sec<mtlary should be as 
the E. M. F. of the primarv to the E. M. F. of the secondary. 

For example, if the E. M. F. of the ])rimar^ is 500 volts 
and the E. M. F. of the secondary is reciuircd to be 50 volts, 


Fk'. 5.22. 



the primal V will require ten times as many convolutions as 
the secondary. 

The relative arrangement of the )>riinarv coil, F, second- 
ary coil, S, the dynamo, I), and lamjis, L, is shown diagram- 
matically in Fig. 525. 

In actual practice the converters are arranged near the 
building to be illuminated, on the poles which supjiort the 
line wires, as shown in Fig. 526, or they may be placed on 
the wall of the building, in the cellar, or in any other conve- 
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nient location. As there are no working parts in the con- 
verter, it requires ikj attention. 

The line wires, L’ L", are connected with the terminals of 


Fig. 523. Fig. 524. 



Front View of Coiu’crtor. Section of Converter and Casing. 


Fig e2^. 



Diagram of Primary and Secondary Circuits. 


nil ot the priiiiarv coils ol the converters, and the service 
wires are connected with the terminals of the secondary 
coils. The lamps are connected in parallel circuit as in the 
direct current system. 
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The lamps used in connection with this system are similar 
to that shown in Fig. 512; but in this case the high resist 
ance filament is heated to incandescence by a rapidly alter- 
nating current instead of a direct current. 

THE storage uattkkv system. 

An important method of distributing the electric current 
for illumination and other pui'poses is that in which storage 
or secondary batteries are employed. In one respect this 
system has the advantage over all others, /. <•., in having a 



Diagram of Lighting Circuits, 


reserve of electrical energy which is available at any time 
without dependence upon machinery of any sort. 

A storage battery cell is a chemical source of electric 
energy of such a composition that, when exhausted by its 
direct action upon any translating device, such as an electric 
light, it can be regenerated or brought back to its former 
condition, by the direct action upon itself of an independent 
source of electric energy. 

There is, in reality, no such thing as the storage of elec- 
tricity, but what really takes place is a storage or accumu- 
lation of chemical energy or power for doing chemical work, 
electrical manifestations being one of the results of such 
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chemical work. A storag-c cell is one in which such chemical 
energy can be stored uj) by electrical action, and which will 
yield an electric current when such chemical energy is 
permitted to do work. An aggregation of cells, called a sec- 
ondary or storage battery, affords another means for the 
extended and economical distribution of electricity, and a 
system using such a battery as a source of electric energy 
may properly be called a storage system. It consists in its 
simplest form of a generator of electricity, a set of storage 
cells or battery, and suitable translating deyices such as 
electric lamps. The battery is acted upon by the generator 
of electric energy until it is charged or until it is put in a 
condition to do chemical work. The generator may be 
(pate weak and irregular in action, and the time taken to 
act upon the storage cells may be c'f long duration, but 
sooner or later the battery will be charged or stored, when 
it is ready to giye up in its turn electric energy. 

The charging current is discontinued and the battery 
connected with the translating deyices and allowed to do 
electric work until exhausted, when the cycle of operations 
just described is repeated, and this may be continued indefi- 
nitely. 

It will readily be seen that by this means any source of 
power, no matter how weak or intermittent, may be made 
use of to store uj) chemical energy in such a way that it can 
be made a powerful and steady clectiac current, which is 
ready for instant use at any time. These operations may 
take place at widely separated places, the generator being 
at one place, the battery at another, and the translating 
devices at another ; these separate parts being located where- 
ever most desirable or conyenient. Such a system as this 
admits of great flexibility, and can be used under very 
adverse circumstances, where other and more direct systems 
would be practically useless. In actual practice such a sys- 
tem consists generally of a central generating station, fur- 
nished with the necessary electric generators, which may be 
of any approved form, suitable for the charging of storage 
batteries. Here also are located the boilers and engines and 
all the apparatus used in controlling and governing the dis- 
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tribution of the electric current. At this point all the dis- 
tributing circuits center at a common switchboard. The 
station also ctmtains the automatic regulators and safety 
devices. From this point the charging circuits lead to the 
storage batteries at different places. These may be at any 
point where it is desired to use tl.e electric current and at 
any distance from the generating station. Tiiey may be 
located in any convenient position in the cellar of the build- 
ings or outside in the yards, or, in fact, wherever it is most 
convenient to place them. 

THE NEW EDISON ^'l'uRAGE ISATl'ERY. 

Probably no invention of recent years is of such vast 
electrical importance as the new accumulator which Thomas 
A. Edison has added to our store of electrical devices. 
Through the courtesy of the inventor we were enabled 
to examine the battery, to prepare the drawings which 
accompany the present article, and to give some additional 
information which may prove of interest. 

For the new cell an absence of deterioration is claimed 
which has never been characteristic of the most approved 
lead batteries. Its storage capacity per unit of mass is said 
to be unusually large. The time rccpiired for charging and 
discharging is exceedingly short. To these merits must be 
added cheapness in manufacture and durability. The neg- 
ative pole or positive element and the jiosilive pole or neg- 
ative element arc both similar in construction and respect- 
ively compcjscd of iron and superoxidc of nickel. When 
placed in their containing-cell the jilates are separated by 
sheets of gutta percha. The electrolyte of this nickel-iron 
battery is a stdution of potassium hydroxide. Each plate 
consists of a sneetof steel, 0.024 inch in thickness, perforated 
so as to form a grid with rectangular holes, as shown in Fig. 
528. In each opening of the grid a pocket or shallow box, 
Fig. 529, containing the active material is placed. In order 
to enable the electrolyte to reach the active material, the 
boxes or pockets are perforated with many holes so as to 
form a kind of screen, which although it conceals the active 
material, permits the free entrance of the electrolyte. 
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The boxes or pockets consist of perforated crucible steel 
cut from a long strip 0.003 thick. To fit these boxes 
the active material is hydraulically compressed in the form 
of briquettes. 

The positive briquettes are composed of a finely-divided 
compound of iron and a nearly equal volume of thin flakes 
of graphite. The negative briquettes are composed of a 
finely-divided compound of nickel and an equal quantity of 
fine flakes of graphite. In both plates the graphite does 
not enter into any of the chemical actions, but merely assists 
the conductivity of the briquettes. The iron and nickel 
compounds used are obtained by special chemical processes. 

Each briquette when placed in its box is covered by a 
lid fitted over the box or pocket, so that the briejuette is 
closely enveloped on all sides. Thus prepared, the boxes 
are placed in the openings or holes of their respective grids ; 
and the assembled plates are thereupon subjected to a 
h3-draulic pressure of some 100 tons in order to close the 
boxes and to force their metal sides over the adjacent sides 
f)f the recesses of the steel grid. A single, solid steel plate 
is thus produced. Both grids and boxes are nickel-plated 
in order to secure a good electrical connection between 
them. At any point the maximum grid thickness, after 
hydraulic pressure has been applied, is 0.024 inch, the pocket 
thickness being o.i inch. The cell in which the assembled 
plates are contained is composed of sheet steel containing 
the potash solution. 

The charging current deoxidizes the iron compound to 
spongy metallic iron and conveys oxygen through the elec- 
trolyte to the nickel compound, forming a hyperoxide of 
nickel. In discharging, the current passes from the positive 
pole and through the external circuit to the negative pole 
and its attached iron or positive plate, and then through the 
solution to the superoxide plate, causing the oxygen to 
move back against the current and partially to reduce the 
nickel to superoxide, and to oxidize the spongy iron. 

Since the potash solution theoretically serves as a con- 
veyor for the oxygen, the amount of solution required is 
merely that which is sufficient to wet the negative material. 
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The plates are hence packed as closely together as possible, 
because there will be less resistance and less weight. 

The initial voltage of the discharge is 1.5 volts; the 
mean voltage of full discharge is approximately r.i volts. 
The storage capacity of the cell per unit of total mass is 
14 watts per pound, or 30.85 watt hours per kilo. The 
mean normal discharge of the power- weight per unit mass 
of total cell is 4 watts per pound, or 8.82 watts per kilo, 
corresponding with a normal discharge period of 3^ hours. 
At a high rate, however, a cell can be discharged in about 
one hour. Charging and discharging rates are the same. 
Overcharging or discharging affects only the electrical 
efficiency. No active material is ejected from the bri- 
quettes even under deliberate overcharging and discharg- 
ing. Whatever gas is produced appears externally. 

Changes of temperature seem to have no effect upon the 
cell. The electrolyte does not corrode any of the parts. 
The electromotive force being below that necessary to 
decompose water, no local action apparently occurs. Mr, 
Edison claims that a charged or discharged negative nickel 
plate can be removed from the working cell and dried in 
the air for a week, apparently without injury, and that when 
restored its charge seems practically undiminished. On 
the other hand, the positive iron plate if subjected to sim- 
ilar treatment soon loses its charge by the oxidation of the 
spongy iron, with a liberation of heat and an appreciable 
rise in temperature. When replaced, however, in the cell, 
the storage capacity of the plate is unaffected on recharge. 
According to Dr. Kennelly s paper read before the Amer- 
ican Institute of Electrical Engineers, Mr. Edison hopes to 
manufacture the new cell at a cost which will not exceed 
that of the lead battery.— Scientific American. 
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CHAPTER II. 

INDUCTIOX BV EI.ECTRIC C TRRENTS. 
rilK INDl'C TliiX C'OIL. 

Faraday discovered in 1832 that a jjalvanic current was 
capable ot inducini^ other currents in wires near but not in 
contact with the conductor of the primary p^alvanic current ; 
these he named currents oj induction, or induced currents. 

Since the discovery of Faraday, the phenomena of in- 
duction have been exhibited by many forms of a[)paratus; 
but the most striking example of inductive action is afforded 
by the induction coil, or inductorium. 

In Fig. 448 is illustrated a method of producing currents 
in a coil b}' inserting a ])ermanent magnet into the coil and 
removing it therefrom. In the induction coil an electro- 
magnet is arranged permanently within a coil of fine wire, 
and the inductive effect is secured by intermitting the cur- 
rent in the conductor of the electro-magnet. The conduc- 
tor of the electro-magnet is known as the ]nimary coil, and 
the fine wire coil inclosing the primary is known as the sec- 
ondary Cf)il. 

There arc two methods of making an induction coil ; the 
simpler, cheaper, and perhaps the best will be described in 
connection with the accompanying engravings, which, with 
the exception of Fig. 532, are exactly three-eighths actual 
size, and may be used as working drawings from which to 
construct the instrument. Fig. 530 is a i)Ian view. Fig. 531 
is a central, vertical longitudinal section. F'ig. 532 repre- 
sents the under side of the base, in plan, and the condenser 
in perspective, and shows the connections. 

The coil consists of two {)ortions, the inner or primary 
and the outer or secondary. The primary coil, C, consists of 
two layers of No. 16 cotton-covered copper wire, which is 
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wound upon a spool composed of the thin paper or wooden 
tube, A, and the heads, BB, which are of vulcanite or well 
varnished hard wood. The tube is | inch internal diameter, 
and the heads have each a central hole of the same size. 
These holes are enlarged (^r coimterbored to receive the ends 
of the tube. A, which are glued or cemented therein. In 
the head, B', there are two small holes near the large cen- 
tral hole, for the terminals, c (/, of the primary coil. One 
of these terminals is put through the head before the wind- 
ing operation is begun ; the other, after the winding is 
finislied. 

The primary coil must now receive four coats of mode- 
rately thick alcoholic shellac varnish, each c<xit being allowed 
to become dry before another is applied. When the pri- 
mary coil has become thoroughly dry and Inird, it is cov- 
ered with three or four layers, D, of stout cartridge paper, 
which is fastenctl bv a little gum along its outer edge. This 
paper covering must lit between the heads, BB , perfectly, 
and must be well smoothed and rounded, and varnished with 
shellac, taking care to cover the joints at the ends, and also 
to varnish the inner faces of the heads. 'I'he secondary 
coil, hi, consists of two sections sejjarated by an insulating 
medium, (i, which is applied in the manner jnx'.sently to be 
described. The coil, E, is of No. 36 naked coi)[)er wire ; 
the two sections being connected at H. 

I'hc winding is best done in an engine lathe, the wire 
being allowed to pass through a fine guide in the tool post, 
and the screw-cutting ge.ir of the lathe being .set us for cut- 
ting a very fine thread. The tiifferent convolutions of the wire 
should be as near together as possible without touching. 
To accomplish the same thing in an ordinary foot lathe, a 
piece of quite thin bra.ss should be bent together in a U form, 
and the wire should be allowed to pass through the channel 
thus formed ; the thickness of the metal will regulate the 
space between the adjacent coils of wire. The winding 
begins at the middle, leaving the terminal, H. When one 
of the heads is reached, the c(hl or layer formed is covered 
with three thicknesses of quite thin writing paper, the edge 
of which is fastened with a little gum. The winding of the 
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fine wire is now continued toward the center of the coil ; 
when the second layer is complete, it is covered as in the 
case of the first coil, when the third is wound on, and so on 
until it is about 3| inches in diameter. The secondary wire 
should not be wound close to the head, a space of about 
inch should be left. After winding one of the sections of 
the secondary coil, the other may be proceeded with, the 
winding being done so that one section may be wound as a 
continuation of the other. The inner terminals are con- 
nected at H, and soldered ; the outer terminals arc con- 
nected with the binding posts, F, which arc screwed into the 
upper edges of the heads, BIT. Feu' the sake of strength 
the outer ends of the secontlaiy wire may be four or six 
sizes larger than that of the coil. The outer layers of fine 
wire are each partly covered with a paper band, consisting 
of six layers of writing paper, which is wide enough to 
reach from the head over about two-thirds of the coil sec- 
tion ; the whole is then enveloped in a wrapper of stout 
paper, having a hole directly in the middle at the top, 
through which is poured melted resin to which has been 
added a very small quantity of beeswax. 

This forms the insulating medium, G, Avhich prevents the 
spark from leaping from one section of the coil to the other. 
After the resin cools, the thick paper is removed and a C(.v- 
ering of smooth heavy pa])er is neatly put around the coil, 
and upon it is wound as closely together as possible com- 
mon smooth-finished black thread. This latter is not essen- 
tial, of course, but gives the coil an excellent apjjearancc 
and forms a really good covering. A thin sheet of hard 
rubber or of zylonite forms a good cover. 

In the tube. A, is placed a bundle, I, of No. i8 soft iron 
wires. They should be straight and of the same length, and 
their outer ends es]jccially should be exactly even. The cen- 
tral hole in the head, B, is stopped by a wooden plug or but- 
ton, J. The base, K, consists of a wooden box, neatly made, 
and the size of which may be readily obtained from the 
engravings. The coil is secured to the top of the box, a lit- 
tle nearer one end than the other, by two screws, a b, which 
pass upward into the heads, BB'. Near the head, B', there 
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is a brass standard, e, to which is secured one end of the 
spring, /; that supports the armature, f, exactly opposite the 
center of the wire bundle, I, and about ^ inch distant from 
it. Opposite the middle of the spring, /, and ^ inch from 
it, there is a post, «, through which passes the platinum 
pointed screw, o, which touches a small platinum plate, 
riveted to the center of the spring,/. The post, n, is split 
longitudinally, and clamps the screw, o, with some little 
pressure, to prevent it from jarring loose by the vibrations 
of the spring,/. 

I'he commutator, L, consists of a vulcanite cylinder on 
which are screwed two copper bars, I in, one of the screws 
of the bar, /, coming into contact with the pivot, g, and one 
of the screws of the bar, m, coming into contact with the 
pivot, h. The pivots, g h, turn in posts, i /, which spring 
against the shoulders of the pivots to insure a perfect con- 
tact. The pivot, h, is elongated and provided with a vul- 
canite handle, k. The binding posts, r s, are connected by 
copper springs, p with the copper bars on the vulcanite 
cylinder. 

In the base of the instrument is placed the condenser, M, 
which is composed of sheets of thin tin foil alternating in 
position, as shown in Fig. 532 — the ends of the sheets, O, 
projecting beyond the sheets, P, to the right, the ends of the 
sheets, P, projecting beyond the sheets, O, to the left. The 
sheets, O, are insulated from the sheets, P, by sheets of 
paper, N, which have been coated with shellac varnish and 
well dried. While the sheets, O, do not touch the sheets, P, 
the latter are all .connected together at one end, and are in 
electrical connection with the wire, Q. Similarly the sheets, 
O, arc connected with the wire, R. 

A piece of pasteboard, v, is placed upon each side of the 
condenser thus formed, and the whole is fastened together 
by tape running around it in two directions, and the con- 
denser is held in place by bits of cork, tc, which arc pressed 
by the bottom, X, when it is in its place. The condenser 
has forty square feet of tin foil surface. The connections 
are made as follows : 

The battery wires are connected with the binding posts, 
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r r, the cuneiit passes throiig^h the springs, p q, bars, / 
pivots, g //, to the posts, / j. The post, j, is connected 
directly with the terminal, c, of the primary coil, C. The 
post, /, is connected by the wire, t, with the post, n, and the 
terminal, </, of the primary coil is connected with the post, 
c. The battery current passing through the primary coil 
renders the wire bundle, I, magnetic; the armature, /', is 
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Diaf^ram of Condenser Connections. 


attracted toward it, breaking the electrical connection at the 
end of the screw, o, when the iron wire bundle loses its 
magnetism, and the armature flies back until the spring, /, 
again touches the screw, e, when the armature is again 
attracted, and so on. When the current is broken in this 
manner, if the condenser be detached, there is a large spark 
at the end of the screw, o, as the extra current is discharged 
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from the primary coil, but when the condenser is connected 
by the wires, Q R, with the posts, c «, the spark is very 
much decreased in intensity, as the extra current is diffused 
in the condenser, and thus prevented from opposing action 
of the primary current. 

The binding posts, F, have each two holes and two bind- 
ing screws. One set of holes receive the pointed rods, S, 
the other the conducting wires, T. This coil, if carefully 
made, will, when the current is interrupted, give a spark 
i.t inches Umg between the points of the two rods, S, by 
using two large Ci renet battery cells. The current may be 
reversed by turning the pole changer or commutator, L, 
th rough a half revolution, and it may be stopped altogether 
by turning the bars, / w, out of contact with the springs,/^. 

It requires a little more than a pound of wire for both 
sections of the secondary coil, but, of course, the quantity 
will varv somewhat with the manner of winding. B}' 
observing the pi'oportions given, coils of other sizes may be 
made from these drawings. 

Another method of construction consi.sts in winding silk- 
covered wire entirely across the sj)ool, and insulating each 
hiver by a coating of shellac and two or three thicknesses 
of paper coated with shellac varnish or melted paraffine. Still 
another method con.sists in making the secondary coil of very 
thin sections, and insulating the sections one from the other 
b}' disks of hard rubber, but the plan here given is undoubt- 
edly the easiest, and a coil made in this manner gives good 
results. With it most, if not all, of the experiments usually 
performed with induction coils ma}' be accomplished. 

For example, it will charge a Leyden jar, decompose 
water, explode blasting cartridges, light gas, exhibit the 
phcin)mena of electric light in vacuo, and may be used in 
many very interesting experin)ents. 

EXPERIMENTS WITH THE INDUCTION COIL. 

The spark between the points of the wires that extend 
from opposite ends of the coil toward its center is of itself 
interesting. It is in fact a miniature discharge of lightning 
of which we have entire control. ' 
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When the points referred to are as wide apart as allow- 
able within the discharge limit, the sparks leap rapidly from 
the one point to the other, giving a vivid light, aiul appear- 



ing altogether spiteful. A piece of paper or cardboard 
placed between the points is readily punctured, and the cur- 
rent finds its way through mica, the surface of which it will 
follow in various directions toward the hole through which 
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it passes, at. which point the spark is very bright. A 
sheet of mica about .4x6 inches, having upon one side 
a sheet of silver leaf 2X3 inches, may be u.sed in .some very 
pretty experiments. To apply the silver leaf to the surface 
of the mica, it is only necessary to moisten the latter with 
the tongue and then lay on the leaf. When the sheet of 
mica, thus prepared, is placed, silvered side down, from 
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Rutary Disk. 


to % inch from the rods, which are connected with the ter- 
minals of the secondary coil — as shown in Fig. 533 — the spark 
leaps downward to the mica surface, and then travels in a 
tortuous route to the vicinity of the point of the other rod 
and leaps upward. 

These sparks follow each other in such rapid succession 
that the mica appears to have several sparks traveling 
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across it at once, but such is not the case. Only a single 
spark traverses the mica at a time, the impressions of the 
successive sparks being retained on the retina a sufficient 
length of time to cause the several sparks to appear as if 
simultaneous. Bv placing the mica jilate in contact with 
the two rods, the spark mav be made to travel further than 
it would otherwise, liv separating the rod scmiewhat more 
than the length of the spark and placing the mica from 
to '4 inch below it, the current will be diffused over the 
mica surface in radial piu']>lc streams. When one of the 
rods is allowcxl to i)roject considerably over the silvered 
portion of the mica, and the other is allowed to project over 
it but very little, as sliown in Fig. 534, the current escapes 
to the mica surface in purple streams and is 
diffused in all directions. pa 

When a piece of glass is jdaced between 
the points, the spark will be dellected and y 
pass around the edge of the glass. When a I. 

caiuile flame is i)iaced near the patli ol ‘I 

the spark, this diverges toward tlie flame. I,;"' , ';f"| 

The current will travel in all directions ' ip 

over a surface sprinkled with any finely 
divided metal, and will deflagrate some of — HT*"^ 

the particles of the metal. W 

By connecting a wire with one terminal t^xpenmentsjvitli 

of the secondary coil, and allowing its free 
end to dip in a glass of water, and jtlacing a wire connected 
with the other terminal near the surface of the water, a 
spark will be obtained fr<jm the water. By incasing each 
of the terminal wires in a glass tube — leaving only the 
end exposed — and dipping the two wires thus incased in a 
glass of water, with their exposed ends near together, a 
vivid spark will be seen to pass from one wire to the other, 
showing that the spark is not extinguished by water. 

A rapidly whirling disk, Fig. 535, as viewed by the dis- 
charges of the induction coil, appears stationary when the 
passage of the sparks and the passing of the radial bars of 
the disk by a fixed point occur simultaneously. This experi- 
ment exhibits the great velocity of the electric spark. 


Rxperimtfiits with 
Leyden Jar. 
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By increasinfy the speed of the disk, or reducing the rate 
of vibration of the interrupter, the disk appears to set up a 
slow retrograde motion. By decreasing the speed of the 
disk, it appears to move slowly forward. 

A speed may be reached at which the two series of 
radial bars seem to rotate in opposite directions. At 
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Gas Pistrl. 


another speed the central scries rotates while the outer 
scries stands still, and the black spots turn in orbits of their 
own at the ends of the stationar}* bars. 

A Leyden jar being placed on an insulated table, K (Fig. 
536), and having its inner and outer coatings connected with 
the poles of the coils by wires, p q, adds greatly to the inten- 



sity of the spark between the pointed rods connected with 
the coil. The jar may be charged by insulating it and con- 
necting one of the poles of the induction coil with the ball 
of the jar, and placing a wire connected with the other pole 
a little distance from the outer coating. The jar may be 
discharged with the ordinary discharging rod. 

By placing between the scccmdary wires in the path of 
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the spark aiiy highly inflammable substance, like gun-cotton 
or common cotton sprinkled with ivcopodiuin, it is read- 
ily exploded. Kther and the light hydrocarbons may be 
ignited in a similar wav. A mixture of illuminating gas and 
air may be exploded bv the spark bv employing the gas 
pistol shown in Fig. 537. This consists of a small tin can. 
D, having a mouth fitted with a cork, and an insulated rod 

Fic. 5.U, 





Apparatus for Decomposing Water. 


passing through one side and nearly touching the other. 
When this contrivance is filled with a mixture of gas and 
air, and the knob, A, is presented to one pole of the coil 
while the can is in communication with the other pole, an 
explosion follows. 

Statcham’s fuse, shown in Fig. 538, is employed in elec- 
tric blasting. It is simply a gutta-percha-covered con- 
ductor, twisted together and interrupted. It is buried in 
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gunpowder, which is ignited when the spark from the 
induction coil passes the break in the conductor. 

When the discharging points of the induction coil are 
placed quite near together, a calorific spark is produced 
which will ignite wood, paper, etc. 

In Fig. 539 is shown an apparatus for decomposing 


Fio. 540. 



Gcissler’s Tubes. 

water. It consists of a vessel having two platinum poles 
connected with the secondary wires, and covered by two 
glass tubes suspended over them. The vessel and the tubes 
are filled with water acidulated with sulphuric acid. Oxy- 
gen is disengaged at the positive electrode, and hydrogen 
appears at the negative. These gases may be reunited by 
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placing them in the gas pistol and exploding them by a 
spark. 

The experiments already described, although very inter- 
esting and instructive, do nt)t com|>are in splendor with the 
class of experiments in which the electric discharge ])asses 
through a rarefied medium. 

The remarkable beauty and brilliancy of the discharge 
is, perhaps, best exhibited by the well known Geissler’s 
tubes, several forms of which are shown in Fig. 540. In 
these the color of the discharge varies with the vapor con- 
tained by the tube, and it is also modified by the quality of 
the glass composing the tube. 

In Fig. 541 the magnificent strim which are jiroduced in 
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Geissler’s Tubes shbwinjj Stratifications, 


these tubes are represented. These strias vary in shape, 
color, and luster with the degree of vacuum, the dimensions 
of the tube, and the nature of the gas or vapor through 
which the discharge takes place. In this figure the strias 
given by hydrogen are represented. 

The electric egg, shown in Fig. 542, is simply a large egg- 
shaped glass vessel, having a stop cock for attaching it to 
an air pump, and provided with a sliding rod at the top, and 
a metal rod at the bottom, which terminates in a ball and is 
in metallic connection with the base. The air being ex- 
hausted, and the upper and lower rods being connected with 
the poles of the induction coil, the light tuft between the 
two rods will assume on ovoidal form, and will become 
more nearly spherical as the air becomes more rare. When 
a piece of metal is presented to the side of the egg, the cuf' 
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rent will be diverted from its path and flow toward the 
side of the egg, as seen in the figure at the left. When the 
glass globe contains a small portion of the vapor of alcohol, 
naphtha, or any light h}'drocarbon, the character of the 
light is changed, being stratified, as shown in the central 
figure. 

The experiment known as Gassiot’s cascade (Fig. 543) is 



Electric E.e:e;s. 

very beautiful. A goblet coaled wiih tinfoil, alter the man- 
ner of a Leyden jar, is j>laced in a vacuum. The induction 
current is carried to ics bottom by the wire passing through 
the cap of the air bell. The other electrode being in com- 
munication with the air pump plate on which the apparatus 
stands, when the current is established, “ the goblet over' 
flows like a fountain, with a gentle cascade of light, wavy 
and gauze-like, falling like an auroral vaiior on the metallic 
base.” 
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The beautiful experiment illustrated in Fig. 544 is due 
to Mr. Reynold Janney, of Wilmington, O. It consists in 
passing the discharge of a Wimshurst machine or induction 
coil over a board covered with tinfoil divided into ^ inch 
squares. The discharge splits up into many branches, each 
of which resembles a miniature lightning stroke. The dis- 
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J:inney*s Liijhtnintc Hoard. 


charge from a coil like that just described will readily pass 
over such a board six feet in length. The best method of 
making this apparatus is to apply two or three coats of 
shellac yarnish to a smooth pine Ijoard, allowing it to be- 
come thoroughly drv, then applying the tinfoil and causing 
it to adhere by j^assing over it a warm sad-iron, which melts 
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Word formed by Sparks. 


the shellac so that as soon as it becomes cool the foil is 
firmly cemented to the board. The squares arc formed by 
cutting througn the foil longitudinally and transversely by 
means of a sharp knife guided by a straight edge. 

In Fig. 545 is shown a word formed by sparks Icajiing 
over spaces in a narrow strip of foil. The discharge pro- 
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duces luminous effects at the intcrru{)tions only. By a 
careful arraiif^eincnt of the interrupted and uninterrupted 
strips of tinfoil, almost any desij^^n capable of bein^ formed 
in outline may be ])roduced in brilliant luminous lines. 

au'I'0(;raths of itif flk( tric spark. 

Electricity of very hi<(h tension, when discharged on the 
surface of a body having very low conductivity, forms a 
luminous arborescent image, showing the path of one or 
more of the sparks resulting from the discharge. The 
erratic course taken by the si»ark niav be due to the com- 
ju'cssion of air in the path of the discharge or to the supe- 
rior conducting power of some portions 
of the conductor, or to both. 

The autographic I'ecord of such a 
discharge is sometimes found on the 
bodies of persons struck by lightning, the 
tree-like appearance of the marks giving 
rise to the erroneous notion that the 
lightning in some ^^•av photographs upon 
the body the image of trees in the vicinity 
of the catastroj)he. 

Doubtless the .same marks might be 
produced upon the body by the tli.scharge 
of a Holtz machine or a large induction coil ; but this is au 
cxperimenl for which it would be difficult to find a subject. 

Fig. 546 is an accurate coj)v of a photograph taken from 
the arm of a bov who had been struck bv lightning. Flere 
the marks bear a striking resemblance to .some forms of 
vegetation. 

The writer in striving to .secure an autogra})hic record 
of high tension electrical discharges tried a large number of 
films before finding one sufficientlv delicate to be impressed 
by the discharge and at the same lime having enough firm- 
ness to j)revent it from being blown awav by the spark. A 
thin film of .smoke on glass, fixed by means of alcohol, 
yielded the first results; but the difficult v of saturating the 
film with alcohol without destroying it was considerable. 
Finally, a smoke film formed on glass piawiously coated 
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very slightly with kerosene oil was adopted as the most 
practicable. The glass was prepared for smoking by smear- 
ing it over with the oil, then removing all but a trace, then 
smoking it lightly over a very large gas jet or over a 
candle. 

The glass plate thus prepared was arranged between the 
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terminals of tlie induction coil, at right angles to the ter- 
minals, so that tlie flischarge might be directly against the 
smoked surface of the glass, as shown in Fig. 547. 

The coil employed was ca[)able of yielding a i.}inch 
spark, and the pointed terminals were separated inch. A 
single spark, or what appeared to be such, from the nega- 
tive terminal of the coil produced upon the film a spot like 
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one of those shown in Fig. 548. These spots, to the unaided 
eye, appear like small holes through the film ; but micro- 
scopic examination shows them as composed of a large num- 
ber of very crooked lines cut out of the smoke film, and 
strongly resembling a tuft of wool. Fig. 549 shows a figure 
produced by a succession of discharges. These figures in- 
dicate the splitting up of the discharge into several branches. 
It might at first appear that the structure of the film would 
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Position of the Plate between the Terminals. 


have some influence on the direction of the discharge and, 
consequently, on the character of the lines ; but the other 
markings shown are so characteristic, and so evidently inde- 
pendent of the structure of the film, that it seems almost 
certain that the nature of the film had very little to do with 
the direction taken by the spark. 

Figs. 548 to 552, inclusive, are photo-micrographs of vari 
ous marks produced in the manner described, taken under a 
magnification of 20 diameters, and the engravings of these 
electro-autographs are produced by photo-engraving, with- 
out any additions or modifications whatever, so that faith- 
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iNDUCriON BY ELECTRIC CURRENTb, 


51 


Fici. 550. 



Fig. 551. 



Autographs of the Electric Spark 


EXPEKIM ENTAL SCIENCE. 


5-^ 

fill reproductions of the original work done by the elec- 
trical discharge are presented herewith. The figures num- 
bered 54<S to 551 were pi'oduced by the discharge from the 
negative terminal of the coil, while the marks shown in Fig. 
552 were made by the discharge from the jiositive terminal. 

The sagittate forms of the larger marks in Fig. 550 
are produced by a heavier discharge. The sagittate and 
bird-like forms shown in Fig. 551 are of rare oceurrence, 
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Autoj^raph of tlie Electric Spark. 


but they are of substanfially the same nature us those 
shown in Fig. 550. Figures rejcmbling these have been 
seen in vacuum tubes, and sketched by De la Rue. Re- 
productions of some of his drawings are given in Fig. 553 : 
I in this cut shows striae in which each section resembles 
an arrow head, the points always extending toward the 
negative conductor ; 2 shows the tendency of striae to 

become conical ; 3, 4, and 5 show sagittate forms similar 
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to those shown in the autographs, Figs. 550 and 551, but 
the images of them vanished when the current ceased ; 6 in 
Fig. 553 shows forms taken by the discharge from the posi- 
tive terminal in a vacuum tube, which have substantially 
the same appearance as the marks shown in Fig. 552. 

Two peculiarities are noticed in the marks in Fig. 552, one 
being the longitudinal grooves in each mark, the other the 
evidences of the ricocheting of the spark. 


Fn;. 553. 



Figures formed by the Electric Discharge iii Vacuum Tubes, 


Dc la Rue says : “ The gases, in all probability, re- 
ceive impulses in two directions, at right angles to each 
other, that from the negative being ihe more continuous of 
the two.” The autographic records here shown seem to 
bear out this theory, since all of the arrows have lateral en- 
largements and point toward the negative. 

The longitudinal groovings of the marks made by the 
sparks from the positive terminal arc suggestive of a multi- 
ple discharge. 
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INDUCTION llALANCE AND AUDIOMETER. 

With this apparatus the condition of the hearing appa- 
ratus may be ascertained, and the hearing capacity may be 
accurately measured. It has been determined by the use of 
this instrument that there is a wide difference between the 
hearing powers of different individuals, and that there is 
often a marked difference between the hearing power of the 
two ears in the same individual. 

While this use is very interesting, amusing, and instruct- 
ive, another application of the same principle is even more 
wonderful. Figs. 554, 555, and 556 show the induction 
balance in a new and convenient form. This instrument is 
capable of being used in the same manner as the ordinary 
form, and besides mav be used to distinguish between 
metals and alloys l)v a method hitherto unknown. 

On several occasions the resvdts (4 tiic examination of 
different metals by this metliod have been reported by Pro- 
fessor Hughes and others who have experimented in this 
direction. 

The coils. G, H, H , Ci’. are wound upon spools 3J4 
inches in diameter, having a 2 inch hole through the center 
fiw receiving the su])porting bars, 1 , J. The.se spools arc 
each wound with 35c feet of No. 32 silk-covered copper 
wire. The wooden bars. 1 , J, are 24 intTes long between 
the standards that support them. They i)n)jeet through 2- 
inch holes in tlie standards, and arc held in place by horn or 
rubber s})rings, K. as shown in Fig. 555. This arrangement 
admits of inserting objects into the coils from the ends ol 
the in.struinent. The primary coils, G, G', arc in circuit 
with the microphone, li, and battery, F, and are connected 
so that the current traverses the coils in op[)ositc directions, 
and the secondary coils, H, IF, are connected together by 
one terminal, and with the telephone by the other, the two 
coils being wound in the same direction. The coil, H, should 
be placed or 2 inch from the coil, G,’^ and the coil, II', 
should be similarly arranged in relation to the coil, G', and 
the latter should be moved one way or the other until the 

* This distance is made proportionally greater in the engraving simply I'or 
the sake of clearness. 
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ticking of the clock on the microphone is no longer heard ; 
then the inductive effect of one of the outer coils is exactly 
balanced by that of the other. To disturb this balance it is 
only necessary to insert in one or the other of the pairs of 
coils a coin or other object, as seen between the coils, 
G, H. The ticking may then be heard more or less dis- 
tinctly in the tele{)hone, the loudness of the sound depend- 
ing on the particular metal or alloy inserted. If it be a 
coin, and another similar coin be inserted into the other end 
of the apparatus in the same position relative to the coils. 
H', G', the ticking will cease; but if there is a variation in 
composition or size, the difference is at once made known 
by the continued ticking of the clock in the telephone. In 
this manner a counterfeit coin may be easily and certainly 
detected. 

It is remarkable that to disturb the balance of the cur- 
rent requires only the slightest variation in the size or mate- 
rial of the object inserted. A piece of small iron wire will 
bring out the ticking loudly. A piece of magnetized steel 
will make it still louder. It is an interesting study to deter- 
mine the difference between different substances as indicated 
by this apparatus. 

When the induction balance is used as an audiometer', the 
two central or secondary coils are placed close together, and 
a paper scale, K, is attached to the upper surface of the bar, 
J. to complete the arrangement. When the two coils are 
exactly in the center of the apparatus, the currents induced 
by the coils, G G', will be equal and in opposite directions, 
and will, therefore, neutralize each <Mher, so that no sounds 
will be heard at the telephone ; but when the movable coils 
are carried toward either end of the apparatus, the current 
induced in the movable coils by the coil at that end will 
produce sounds in the telephone, the strength of which are 
in proportion to their distance between the movable and 
fixed coils. 
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CHAPTER III. 

TELEPHONE, MICROPHONE, ELECTRICAL. MAGIC. 

THE TELEPHONE. 

The telephone, although now well known, is no less 
interesting than it was when first presented to the public. 
Many forms of this wonderful instrument have been in- 
vented : onl}' one, however, has come into general use. 

Fig. I, Plate VII., shows the telephone in active opera- 
tion. Fig. 2 is a perspective view of a telephone employing 
ordinary U magnets. 

Fig. 3 is a detail sectional view of the same. Fig. 4 
is a side elevation partly in section of a telephone that is 
essentially the same as Bell’s. Figs. 5 and C represent 
devices for magnetizing the bars for telephones. The tele- 
phone shown in Figs. 2 and 3, Plate VII., is very easily 
made. The two U magnets, B, which may be 5 inches long, 
or larger or smaller, can* be bought at almost any hardware 
store or toy shop, and the soft iron core. A, upon which the 
spool, D, is placed, is screw-threaded e.Kternally and flattened 
to fit between the magnets. The iron core. A, is I inch in 
diameter, and the flattened end which extends for about i 
inch between the magnets is *, inch thick, and the other poles 
should be separated the same distance by a block of wood. 

The two magnets arc firmly clamped together by the 
brass plates, C, and the screw, which extends through one 
of them into a tapped hole in the other. The magnets 
must be arranged with like poles in contact with the soft 
iron core, A. 

The wooden spool, D, is i inch in diameter and inch 
long, and has upon its outer end a concaved flange, E, hav- 
ing an annular bearing surface for the diaphragm, F. The 
flange is 2} inches in diameter, and the annular bearing sur- 
face is i inch wide, leaving the middle portion of the dia- 
phragm, which is if inches in diameter, free to vibrate. 
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The spool is hlled with No. 36 or No. 38 silk-covered cop- 
per wire, and the ends ot the wire are fastened to small 
binding screws, <?, that project from the back of the con- 
cave flange, E. 

The diaphragm, which is simply a disk of verv thin 
tinned iron or ferrotype plate, is of the same diameter as 
the flange, E, on which it is placed. 

The monthpiece, G, is secured to the flange, E, by three 
small screws ; the diajihragm heini; clipped at three equi- 
distant [)laces to admit of this mode of fastening. The dia- 
meter of the opening in the mouthpiece is i inch, and the 
mouthpiece, like the flange, must he concave. 

The distance between the dia]>hragm, F, and the end of 
tue soft iron core, .V, is adjusted hv screwing the spool, D, 
up or down on the core. The best adjustment is to place 
the diaphragm as near the end of the core as jiossible with- 
out causing a jar when the instrumenl is spoken to. 

The telephone, when connected with another of the same 
kind by means of two conducting wires secured in the bind- 
ing posts, works well. .V single wire may be used to con- 
nect one binding post of each telephone, the other binding 
post being connected with the gas or water pijie, or with a 
ground wire properly connected with large metallic plates 
buried in earth that is constantly moist. 

The telephone thus described is more easily made than 
that shown in Fig. 4, Plate VII., as the trouble of magnetiz- 
ing the steel is avoided. 

By substituting for the iron core, .V, a bar magnet inch 
diameter and 6 inches long, a verv com|)act, easily adjusted 
telephone is produced. 

The telephone shown partly in section in Fig. 4 consists 
* of five principal parts — the liandle, H, the mouthpiece, 1, the 
diaphragm, J, the magnet, K, and the bobbin, L, 

The handle is bored longitudinally through the center to 
receive the round bar magnet, K, and there are two small 
holes at opposite sides of the magnet, through which pass 
the stout wires, M, which are soldered to the terminals of the 
bobbin, L, and connected with the binding screws, N, at 
the end of the handle. The handle, FI, is chambered to 
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receive the bobbin, L, and has a mouthpiece, I, and dia- 
phragm, J, which are of the same size as previously 
described. 

In the present case the mouthpiece or cap is screwed on 
the handle, but it may with equal advantage be fastened by 
means of small screws, as shown in Figs. 2 and 3. 

The bobbin is filled with No. 36 or No. 38 silk-covered 
copper wire, and the magnets are placed as near the dia- 
phragm as possible without touching it, and when properly 
adjusted it is clamped by a screw, O, at the smaller end of 
the handle. The bar magnet, K, is | inch diameter and 6 
inches long. 

The connection between two or more telephones and 
the ground connection is made in the manner before de- 
scribed. 

There are two methods of magnetizing the bars. The 
first thing to be done is to harden and temper the bar. This 
is done by heating it to a dark cherry red and plunging it 
in cool water, and afterward drawing the tem[)er to a straw 
color. The first method of magnetization consists in plac- 
ing upon each end of the tempered steel bar, Q (Fig. 5), a 
soft iron cap, R. and inclosing the bar thus armed in a helix, 
P, made of eight or ten layers of No. 16 insulated copper 
wire, and connecting the helix with a bichromate battery. 

The helix should extend to the ends of the soft iron caps, 
and it must be disconnected from the battery before with- 
drawing the magnet. 

Another method consists in passing over the bar a helix, 
S, composed of ten layers of No. 16 insulated copper wire. 
This helix has an internal diameter of | inch and a length 
of about ij inches. 

The helix, being connected with a strong battery, is 
drawn over the bar from one end to the other, and returned 
to the middle of the bar, when the battery should be discon- 
nected. 

These are easy methods of magnetization, and may be 
practiced by any one having the appliances, but unless a 
very powerful battery is used, the magnets will not possess 
the strength exhibited by magnets charged by a dynamo. 
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The telephone line wire should be insulated in the same 
manner as telegraph wires. For short lines a return wire 
is used. For long lines a ground connection is preferable. 

No. 12 galvanized iron wire is commonly used for tele- 
phone lines. 

An explanation of the action of the telephone is found in 
Chap. XVIIl., p. 477. The diaphragm is the armature of the 
magnet. The approach of the armature toward the magnet 
and its recession therefrom, under the influence of sound 
waves, alternately weakens and strengthens the magnet, and 
thus causes the generation in the coil surrounding the mag- 
net of induced currents alternating in direction, and var}'- 
ing in strength .according to the amplitude of the vibration 
of the diaphragm. 'I’hcse alternating currents pass over 
the line connecting the telephones, and tlirough the coil of 
the distant telephone. Here the currents alternately aug- 
ment and (liminisli the power of the magnet and cause an 
increase in its attraction for the diaphragm, or a partial 
release, according to the direction of the electrical impulse, 

riie diaphragm of the receiving instrument is thus made 
to copy the motions of the transmitting diaphragm with 
sufficient com{flcteness to reproduce through the agency of 
air vibrations sounds similar to those uttered in the trans- 
mitting telephone. 

Owing to the small volume of st)und realized in tele- 
phones arranged in this way, a microphonic transmitter is 
commonly used in connection with telephone lines. 

THE TRANSMITTER. 

The Blake telephonic transmitter, shown in Fig. 557, is 
now almost exclusively used in connection with the Bell tele- 
phone. 

This transmitter is very efficient, notwithstanding the 
fact that there is nothing very delicate or fine about its con- 
struction. 

It is generally attached in a vertical position to a board, 
which also supports the switches and other accessories. To 
the hinged cover of the box is secured the annular cast iron 
frame, A, in which is placed a 3 inch circular diaphragm, B, 
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made of common Russia iron of medium thickness, bound 
around the edges by a soft rubber band, stretched over it 
so that it covers about a quarter of an inch of its edge. 

The diapliragm is held in place by a small clip just 
touching the rubber binding upon one edge, and by a steel 
spring upon the other edge, which is rubber tipped and 
touches the diaphragm about i inch from the center with a 
pressure of several ounces. Short arms are cast on the 
ring. A, one at the bottom, the other at the top, and to the 
upper arm is attached a spring, which is riveted to the cast- 
ing, C. This casting su})ports two delicate springs, D E 
(watch springs). The spring, D, has an insulated support, 
and is connected by a wire with the upper hinge of the box 
cover, the hinge being connected with the binding post, at 
the top of the box. 

The free end of the spring, D, rests against the dia- 
phragm, and is provided with a convex platinum button, 
which is pressed by a highly polished carbon button inserted 
in a piece of brass weighing two or three pennyweights and 
fastened to the free end of the spring, E. 

The spring, E, is in metallic contact with the casting, C, 
and the latter is in electrical communication with the frame, 
A, which is connected by a wire with the lower hinge of 
the box, and the hinge is connected with the binding post, 
r, by a wire that includes the primary wire of the small 
induction coil seen in the coi'ner of the l)ox. The sccond- 
arv wires of the induction coil are connected with the bind- 
ing posts, a b. 

The inclined surface of the lower end (A the casting is en- 
gaged by an adjusting screw which jjasses through the lower 
arm of the frame, A. By turning this screw one way or the 
other, the springs, D E, are made to press with more or less 
force upon the diaphragm, and the contact between the 
platinum button and the carbon is v'^aried. 

The binding posts, c d, arc connected with a battery. 
The binding posts, a b, are connected with a telephc^ne line, 
including the receiving telephones, usually of the Bell form. 

The primary current passes through the springs, D E, 
and the primary wire of the induction coil. The vibrations 




to work this transmitter. It will be noticed that while 
the spi'ing, D, is in contact with the diaphragm, the latter 
is insnlated from everything else by the rubber binding 
and the rubber tip of the spring. 

The box hinges are provided with springs soldered to 
one half, and pressing upon the other half t(t insure a good 
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electrical contact. A maj^^neto bell is j^enerally employed 
in connection with this transmitter for calling. 

For long distance tele})hony the Edison carbon button 
transmitter is superior to the Blake. 

TELEPHONE Cl KCUITS. 

The annexed diagram shows all of the electrical con- 
nections for one end of a telephone line, both ends being 
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alike. The connections are shown in condition to call or 
receive a call. When a call is received, the current passes 
from the line through the switch, E, button, i, key, top con- 
tact of the key, bell magnet, and ground \vire, A, to the 
ground. 

When the key is depressed to call a distant station, the 
key touches the lower contact, on the battery wire, B, send- 
ing the current through the button, i, switch, E, and line to 
the bell and ground of the distant station. The current 
returns by the ground and wires, A C, to the battery. 

After calling, the switch, E, is moved to button, 2, and 
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the switch, F, being connected with the switch, E, by an 
insulating connection is at the same time moved to button 
4, as shown in dotted lines. Now the line connection is 
through the switch, E, button, 2, wire, G, receiver, the sec- 
ondary wire of the induction coil to the ground. 

The switch, F, when turned as described, completes the 
local circuit, the current passing from one cell of the battery 
through the wire, D, switch, F, button, 4, transmitter, i^ri- 
mar}' of the induction coil ground wire, A, and wire, C. 

The connections are now arranged for talking. Should 
the transmitter be of the class capable of withstanding a 
hea\y current, the wire, D, will be connected so as to 
include all of the elements of the battery, and the wire, B, 
instead of being connected with the battery will be con- 
nected with the button, 3. 

The diagram shows the connections adapted to the class 
of transmitters employing but a single battery element and 
to a line requiring several cells of battery to call, if a sin- 
gle cell of battery is sufficient to call, the wire, B, will l;c 
connected with button, 3. 

When a magneto call is used, it is inserted in place of the 
bell. 


MKROPHOXES. 

The microphone shown in Fig. 559 has a wooden dia- 
phragm one-eighth inch thick and four inches square, which 
is glued to a narrow frame supported by suitable legs. 
Two pieces of battery carbon, A B, are secured by mean^ 
of scaling wax to the diaphragm about an inch apart and 
equal distances from the center. They are both inclined 
downward at about the angle indicated in the engraving, 
say 30'\ The carbon. A, is longer than the cai'bon, B. and 
has in its under surface three conical holes — made with e 
penknife point — which are large enough to receive the 
upper ends of the graphite pencils, C. The lower ends ol 
the pencils rest in slight cav ities in the lower carbon. The 
pencils, C, are small rtjds of electric light carbon sharpened 
at each end and placed loosely between the carbons; they 
are inclined at different angles, so that the motion of the 
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diaphragm, which would jar one of them, would simply 
move the others so as to transmit the sound properly. Bat- 
tery wires, which are connected with a telephone, are 
attached, one to the carbon. A, the other to the carbon, B. 

The diaphragm and its support in Fig. 560 is the same as 
that already described. The microphone shown in this figure 

Fit;. 559. 



Microphone with Graphite Rods. 


has a piece of battery carbon, 13, secured in an inclined posi- 
tion to the diaphragm near the middle, by means oi sealing 
Avax. Three carbon pendants, E, of different sizes, are sus- 
pended by very fine wires, so that they rest upon the upper 
surface of the carbon, D. The three fine wires are all con- 
nected with one of the battery Avires, and are fastened at 
suitable distances apart to the face of the dia[)hragm by a 
drop of sealing Avax. A fine copper wire is Avound around 
the carbon, D, and connected Avith the battery. 
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These instruments are used as transmitters; a Bell tele- 
phone is used as a receiver. By using a number of rods, 
pencils, or pendants instead of a single pencil, as in the 
Hughes microphone, much of the jarring is avoided, while 
it is capable of transmitting the sound of the ticking of a 
watch, the tramp of a fly or an ant, the crumpling of paper, 

Fig. 560. 



Microphone with Peii'lants. 


whistling, instrumental and vocal music, and, under favora- 
ble conditions, articulate speech, whispering, etc. 

ELECTRICAL MAGIC. 

Electricity in its ordinary every-day uses surpasses all 
the feats of the ancient magi or modern prestidigitators. 
Sending light, heat, power, signals, and speech to a dis- 
tance over wire, the phenomena of induction, the transfer 
of metals as in electro-metallurgy, and the numerous other 
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uses to which electricity is applied in the arts, are all truly 
mysterious. 

The application of electricity to magical operations is 
quite common, but it is capable of more extended and more 
effective uses. 

The few examples shown in the engravings are such as 
afford entertainment and give practice in the applications 
of electricity. 

The mysterious drum, shown in Fig. 561, has been 
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constructed in various forms. It is designed to beat 
by means invisible and undiscovcrablc witlunit removing 
the drum heads. The drum is suspended from what ajipears 
to be an ordinary hook, and the (operative parts are con- 
cealed so as to be invisible either through the translucent 
heads or through the embouchure. The drum is suspended 
from the ring, C, by chains, A B, or by straps concealing 
metallic wires. The screw rings extending through the 
body of the drum communicate electrically with the magnet, 
D, which is placed so near the embouchure as to be incapa- 
ble of being seen through it. The armature of the magnet 
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is supported very near its poles by an angle plate rigidly 
vSecured to the body of the drum, as shown at 2, Fig. 561. 
The chains, A B, touch metallic contact pieces, a a, embedded 
in the inner surface of the ring, C, which may be either 
wood or rubber. These contact pieces at their upper ends 
touch on opposite sides of the hook, E. This hook is 
divided vertically into two parts throughout its length, the 
two portions being separated by a thin piece of mica, as 
shown at 3, and bound together by a hard rubber knob at 
the outer end, and hard rubber ring or base-piece near the 
end inserted in the wall. The two halves of ^ the hook are 
connected with battery wires leading to some distant point, 
and an interrupter worked by hand or clockwork is put in 
the electrical circuit. A wheel, notched according to the 
kind of call required, attached to the revolving spindle of 
a spring motor and touched by a contact spring, makes a 
good interrupter for this purpose. 

This device is puzzling to the uninitiated, as it is impos- 
sible to see how the result? arc obtained without dismem- 
bering the apparatus. By means of a spur in each heel, 
and wires extending under the garments to the hands, it is 
po.ssible to transfer the drum from its hook to the linger 
and secure the same results, provided two long conducting 
plates or strips, to be touched by the spurs, are placed be- 
neath the carpet, and connected with the battery and inter- 
rupter. The removal of the drum from the hook to the 
finger adds another element of myster}" to the device. 

Much that cannot be otherwise satisfactorily explained 
is charged to the supernatural. The phenomenal sounds 
said to be evoked from tables by the weird inhabitants of the 
spirit world may be ver)' successfully imitated b}-^ means of 
simple electrical contrivance shown in Fig. 562, and not 
only may the raps be produced, but sepulchral voices may 
be heard from the face of the table. 

The table top consists of two parts, the thicker portion 
being hollowed out, so as to form a circular cavity in the 
middle, surrounded by an annular cavity. The whole is 
covered with a top about one-eighth of an inch thick. The 
table standard is hollow, and chambered out sufficiently at 
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the lower end to receive a compactly made Leclanche bat^ 
tery, which rests in the cap, G, fitted to the lower end of 
the standard. From the battery two wires extend to springs- 
in the eap, G, and these springs t(.)uch two semicircular 
pieces, H, of metal attached to the inner surface of the 
chamber containing the battery (see Fig. 562), so that when. 


Fig 502. 



the battery is in place, one of its conductors will touch one 
of the pieces of metal, and the other spring will touch the 
other piece. The two semicircular pieces of metal arc con- 
nected with two wires extending upward through the table 
standard, one wire being connected with a serrated metallic 
hoop, F, placed in the annular space in the table top ; the 
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other wire is connected with one terminal of an electro- 
magnet whose other terminal is connected with a flat metallic 
ring attached to the thin portion of the table top and located 
immediately above and very near the serrated hoop, F, but 
not touching it. Now, by placing the hand flat upon that 
part of the thin cover of the annular space in the thicker 
portion of the table top, and pressing so as to spring the 
cover ever so little, the electrical circuit is closed and the 
electro-magnet draws down the armature which is attached 
to the thin table top near the poles of the magnet, but not 
touching them. This makes a loud rap, and when the elec- 
trical circuit is broken by removing the pressure, a similar 
rap is produced. The movement of the hand in this opera- 
tion is imperceptible. 

From each of the wires extending upward in the stand- 
ard, a wire extends down one of the table legs, and termi- 
nates in a single point, having sufficient length to pass 
through a carpet and touch two plates of metal communi- 
cating with a transmitting telephone or with a telegraph 
key and battery. With the former the table answers as a 
receiving telephone, and the magnet will be more efficient 
for this purpose if it be polarized. When the key is used, 
the raps may be produced by some one operating the key 
at a point remote from the table. In either case a confed- 
erate is required. 

By placing conductors under the carpet at different 
points, the table may be moved about to enhance the 
delusion. 

Fig. 563 shows insects that appear to be animated when 
disturbed, and as they are similar in construction, the descrip- 
tion of one will answer for both. The pot containing the 
plants upon which the insects are mounted is broken away in 
the engraving, to show the interior, and the dragon-fly is 
shown in section at 7, in Fig. 563. This is nothing more nor 
less than a vibrator-interrupter, made in the form of a 
dragon-fly, with mica wings attached to the vibratory spring 
and striped with asphaltum varnish, in imitation of nature. 

The body of the fly consists of an iron wire w'rapped for 
a part of its length with No. 30 silk-covered wire, forming 



72 


EXPERIMENTAL SCIENCE. 


a small electro-magnet, whose armature, h, is attached to a 
spring forming a part of the back, and fastened at c to the 
wire forming the core of the magnet, by means of binding 
wire and jeweler's cement or sealing wax. One terminal of 
the magnet wire communicates through one of the legs of 
the fly with a wire running through the stalk of the plant 
to the carbon pole of a small Leclanche battery concealed 
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Electrical Draeon-Flv. 


in the flower pot. The other terminal of the magnet wire 
is connected with the vibrator spring at c. The free end of the 
vibrator spring extends from the armature, downward, and 
is provided with a platinum contact screw, d, which touches 
the contact spring, c, the latter being in electrical communica- 
tion with a button on the under side of the flower pot cover, 
which is touched by a spring attached to the side of the 
pot. This spring is connected with a wire that extends 
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•downward and terminates in several points disposed about 
a circle concentric with the bottom of the pot. The zinc 
j)ole of the battery is provided with a wire having several 
terminal points alternating with the points previously men- 
tioned. The bottom of the pot is slightly concave, and 
contains a small quantity of mercury, which, in conse- 
quence of its great mobility, completes the electrical circuit 
between some of the wire terminals in the bottom of the 
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Electrical Butterfly. 


pot when the latter is taken in the hand and moved ever so 
little. 

The battery is of small size, the jar consisting of a com- 
mon tumbler. When the device is taken in the hand, the 
wings, which are attached to the vibrator, spring imme- 
diately, tremble, and buzz in true insect fashion. If the 
plants and insects are finely made, they are sure to be taken 
in the hand for examination, when the latter will exhibit 
signs of life. 
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The butterfly shown in perspective at 7, Fig. 564, and 
in transverse and longitudinal section at 8 and 9 respec- 
tively, is intended to be placed upon lace curtains or on 
a picture frame. The body, as in the case of the dragon-fly, 
consists of an electro-magnet having its polar extremity, //, 
returned upon the magnet wire. The back of the butter- 
fly consists of an iron sliell swaged into the })roper form and 
attached to the smaller end of the magnet by means of a 
screw, To this shell are pivoted on delicate pivots, y, 
two small armatures, /, which extend downward over the 
returned pole extension of the magnet. These armatures 
carrv the natural wings of a butterfly, and 
as the pulsating electrical current runs 
through the magnet the wings are vibrated 
in accordance with the intervals of open 
and closed circuit. 

The electrical impulses may be con- 
trolled by hand or by clockwork, or by 
means of an electric pendulum interrup- 
ter, shown in Fig. 565. The current which 
passes from the battery, //, through the 
butterflv, passes also through the mag- 
net, k, of the interrupter, through the 
pendulum rod, /, and through the mer- 
cury contact cup, ///. When the pendu- 
lum is drawn toward the magnet, the 
circuit is broken ; when the pendulum 
is released the circuit is instantly closed, and the pendulum 
is drawn forward again. The electrical i)ulsations produced 
in this way move the wings of the butt rfly more or less 
rapidly, according to the length of the pendulum. 

Three or four (jf these butterflies may be controlled by a 
single pendulum. These objects placed on a lace curtain 
are amusing and make ’'cry pr tty ornaments. 

The fine wire forming the conductor may be white cot- 
ton-covered, which may be easily concealed in a lace cur- 
tain. 


Fig. 5C5. 




7S 


LAXTERX PROJECTION. 

As a means of illustration, nothing* can excel projection 
by means of a good optical lantern. Not only can pictures 
and diagrams be shown clearly to a large assemblage, but 
a[)paratus of various kinds may be projected on a mammoth 
scale, many chemical actions may be exhibited, the pheno- 
mena of light, heat, electricity, and magnetism may be 
shown in various ways. In fact, there is scarcely a branch 
of j)hysics that may not be illustrated in this way. The lan- 
tern is becoming deservedly popular in colleges and schools 
and for private use. Besides being of great use for general 
instruction, it affords a means of rational amusement and 
entertainment. 

A poor lantern, like any other inferior piece of appara- 
tus, is undesirable. For scientific work the lantern should 
have a triple condenser, a rectilinear objective, a swinging 
front for the vertical attachment, a calcium or electric 
light, polariscopic and microscopic attachments, an erecting 
prism, and an alum or water tank. Such an instrument may 
now be j)urchased for a reasonable j)rice, so that there is no 
economy in making one's own instrument. It will, how- 
ever, be found advantageous to make the attachments. 

THE SCIENITEIc: USE OF THE TOY MACilC LANTERN. 

A toy magic lantern is generally considered as worthless 
as any piece (^f apparatus one can own. Usually, in these 
instruments, the source of light is unsatisfactory, the light 
is wasted, and the little light finally rendered available is- 
passed through imperfect lenses, yielding results which arc 
anything but jileasing. Generally, toy lanterns have been 
made without condensers, and almost without exception 
they arc found to be of an odd size, which will not receive 
an ordinary lantern slide, so that the user must remain con- 
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tent with the daubs usually accDinpanyina;^ such instruments. 
Recently, however, some improvement seems to have been 
made in this direction. In looking about for a simple lan- 
tern, suitable for certain experimental work, a type of lan- 
tern was found which in cheapness, compactness, generally 
good design, finish and efficiency, is superior to many that 
were examined. Still it has a serious defect, that is, con- 
siderable spherical aberration ; but this can be easily reme- 
died by replacing the front lens of the objective — which is 
a double convex of four inch focus — with a meniscus (peri- 
scopic) spectacle lens of the same focus. 

This lantern is shown in side elevation in Fig. 566 and in 

Fig. 566. Fk; 567. 



Simple Ma'/ic I.antern — Elevation and SocLion. 


section in Fig. 567, respectively. It is made of several sizes, 
but the size which costs $3.75 or $4 is as small as can be used 
to advantage in the experiments illustrated in the annexed 
engravings. 

The lantern is I2.j inches high, including chimney; the 
cylindrical body is 5 inches in diameter and 6 ^ inches long. 
The back of the body is closed by a spun concave reflector. 
The condenser is a double convex lens 2| inches in diame- 
ter and 4 inches focus. The rear lens of the objective is a dou- 
ble convex, 2:| inches diameter and inches focus, and the 
front lens is, as already stated, 4 inches focus and its diameter 
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if Cohesion Ei^iurcs. and Other Experiments. 
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is inches. The optical combination is not the best that 
can be devised, but it answers a very good purpose. 

The lamp has a kerosene burner of approved type, and is 
provided with a tall chimney, which insures perfect combus- 
tion and a white light. The reservoir of the lamp, as well as 
the objective tube and lantern chimney, are nickel plated. 
The space in which slides are introduced is of an inch too 
narrow for average slides, but, if desirable, a clever tinsmith 
can correct this in a very slnwt time. 


Fig. 568. 



Vertical Attachment 


It is not intended to treat of the projection of pictures 
"with this instrument ; but it may be said, in passing, that 
the lantern, when altered as suggested, projects a very 
good picture, five or six feet in diameter. A little camphor 
added to the kerosene increases the light perceptibly, and a 
clean chimney and clean lenses g(; a long way in the utili- 
.^ation of the light. 

The number of interesting e.vperimcnts which may be 
successfully performed with this little lantern is surj)rising. 
■Certainly a long evening of rational and instructive amuse- 
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mcnt may be gotten out of the lantern with little expense 
beyond the cost of the instrument itself, and with very little 
trouble. 

The production of cohesion figures on the screen is a sim- 
ple and interesting experiment. Between two glass plates 
of a width suitable for the lantern is placed a small amount 
of vaseline, either plain or colored with alkanine or aniline. 
The plates are pressed together until all of the air is ex- 
pelled, and a thin film of vaseline remains. The glasses are 
then clamped together by means of two stout rubber bands. 

The slide thus prepared is placed in the lantern, and the 

« 
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Arrangement for Projecting Apparatus. 

point of a knife blade is introduced between the upper cor 
ners of the glass plates. Upon the smallest separation of the 
plates, arborescent figures will appear on the screen, which 
will grow as the plates are further separated, ajipearing, as 
shown in Plate V 1 1 i ., like a growth of cactus or fern. On re- 
moving the knife blade, the plates will be drawn together 
by the rubber bands, and the figures will disappear. The 
experiment may be repeated again and again with the same 
charge of vaseline, but it will in time become so thin as to 
require renewal. 

In Fig. 568 is shown an attachment for converting the 
instrument into a vertical lantern. The objective is remov- 
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ed from the lantern, and a cig-ar box of suitable height is 
arranged with its open side next the front of the lantern. In 
the box opposite the condenser of the lantern is arranged a 
piece of ordinary looking glass at an angle of 45 ’. In its 
top is made a hole for receiving the objective. Inside, 
an inch and a half from its ui)i)er end, is arranged a 
horizontal transparent glass plate, and above this ])late the 
box is cut away diagonallv across the corners, leaving 
only material enough in the end to hidd the objective. 
A second mirror, arranged parallel with the first, is sup- 
ported over the end of the objective and serves to 
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throw the image on tlu; wall. If the experimenter will be 
satisfied with images on the ceiling, the seconrl mirror may 
be dis])ensed with. 

Tfie tank shown at 5, h'ig. 56s, is designed to hold various 
liquids used in experiments in the vertical lantern. It con- 
sists of a plate- of glass t(j which is secured a ring of tin, by 
means of a cement composed of ])itch, gutta pcrcha, tmd 
shellac, equal ])arts, melted together. In this tank may be 
(jhicc(] dean water. .V camlmc needle, carefully laid on its 
'.ide on t))e surface of tlie water, will float, and the livcdlc 
nnri (jfjircssion in iiin w:itcr formed by tbciwcdlc will slntw 
plainly on tlie screen. If the needle be magnetized, it may 
of course be attracted and repelled by a magnet. A few 
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bits of gum camphor thrown on clean water will move 
about in a curious way. A few drops of a solution of cam- 
phor in benzole, dropped f)n the water, yield very interest- 
ing results. Curious effects arc produced by a drop of 
some of the essential oils. The oils of cinnamon, coriander, 
and lavender are examples. In Fig. 569 is shown the me- 
thod of projecting a piece of apparatus ; in the present case, 
a radiometer. The objective is removed from the lantern, 
and supported a short distance in front of it, and the ap- 
paratus is ])laced between the lantern and the objective. 

In the case of the radiometer, the heat of the lantern 
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causes the radiometer to revolve, so that it is seen in 
moti<jn on the screen. 

In Fig. 570 is shown a simple device, known as the 
opeidoscope. It consi.sts of a short paper tube, having a 
thin piece of rubber stretched over it and tied. A small 
piece of mirror is cemented to the center of the rubber. 

The perforated card shown in the corner of the engrav- 
ing is inserted in the lantern, and a pencil of light is 
allowed to fall on the mirror, and when different notes are 
sung into the open end of the paper tube, the reflected pen- 
cil of light will form intricate figures on the wall. 

In Fig. 571 is shown the method of projecting the spec- 
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trum. The card shown above the lantern has a central lon- 
gitudinal slit about three-sixteenths inch wide. This card is 
inserted in the lantern, and the slit is focused on the screen. 
An ordinary glass prism is now placed in front of the ob- 
jective, and turned until the best effects are secured. 

In Fig. 572 is shown an experiment in df>uble refraction. 
The perforated card shown at 1 1 is inserted in the lantern, 
and the objective is arranged as described in connection 
with Fig. 569. The aperture of the card is focused on the 


Fig. 572. 



Double Refraction. 


screen, and a crystal of Iceland spar is placed between the 
lantern and the objective. Two images of the aperture of 
the card will appear on the screen, showing that the ray 
has been divided or dcnibly refracted by the spar. A per- 
manent mounting for the spar may be arranged as shown 
at 12, the spar being mounted in a cork fitted to a tube 
adapted to the lantern front. 

In Fig. 573 is shown a device for producing a luminous 
fountain. A tube is fitted to the rear half of the objective 
tube and closed at the rear end by a glass disk, cemented in 
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by means of the cement above described. The front end of 
the tube is closed, with the exception of an orifice three- 
eighths inch in diameter, in which is inserted a smooth tube 
about one-half inch long. A nipple projects from one side 
of the fountain tube, for receiving the rubber supply pipe, 
which may either be connected with the house water supply 
or it may be used as a siphon, taking water from an elevated 
pail or tank. Onlj' a small head is necessary to secure the 
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desired results. The stream will be illuminated throughout 
its entire length, if a smooth flow of u Hter is secured, and 
it may be tinted by inserting colored plates of glass in the 
slide receiver. 

In Fig. 574 are shown some curious effects of refraction. 
A portrait is placed in the lantern, and in front of it is 
placed a piece of wrinkled window glass, which is slowly 
moved back and forth, the curved surfaces of the glass 
producing distortions of the face which are sometimes 
ludicrous. 
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In Fig-. 575 is shown a kaleidotrope, which illustrates per- 
sistence of vision. A card having; several circles of small 
perforations, say one-eig’hth inch, is cemented at its center 
to one end of a short spiral sprin*;-, the opposite end of the 
spring bein^ cemented to a plate of ”lass which fits in the 
lantern. IJy placing' this slide in the lantern and striking^ 
the card so as to cause it to vibrate in iliffercnt directions, a 
great varietv of curves will be described on the screen by 
the light spots, and owing to the lu-rsistence of vision, these 
curves will be seen as continuous lines. 

A tlisk ot perlorated cardboartl or tin ])ivoted centrally 
to a plate (_»f the same material, as shown in Fig. 576, exiiibits 

a certain phase ol interference 
when it is placed in the lan- 
tein and the disk is resolved 
sIdwIv. riiis is a very simjile 
devii'e, but it is well wortli the 
trouble ol making. 

Fig. 577 shows a carilboard 
disk in'ovided with radial 
sli'ts, and ))i\oted on the end 
ol a handle, it is designed 
to l)i‘ whirled in front of the 
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lantern tube, to inten iipt the 
li;4*ht beam, to show the effects 
of int(!nnittcnt lii;ht on mov- 


ing objects. The slide shown in log. 578 is designed to show 
the tiring of the eve, by the observation of a semicircular 
light spot on the screen, for a considerable length of time, 
then ciuickly providing a similar sjiot, having the same 
illumination, for comparison. 

This slide is made by cutting in a slij) of pasteboard two 
semicircular holes, with a bar between, then arranging a 
card to cover the lower, semicircular hole, while the upper 
one is open. The card is attached to one end i^f an clas- 
tic band, the other end of the band being fastened to the 
pasteboard slip. The card is provided with a string, by 
which it may be held in place -over the lower aperture of 
the slip. After the slide is exposed in this condition for a 
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few seconds, and the eye becomes wearied by viewing the 
white spot on the screen, the card is released, and the rub- 
ber withdraws it from the lower semicircular aperture, 
when both halves of the circle will appear, and although 
they arc equally illuminated, the half longest on the screen 
will appear much darker than the other. The slide shown at 
19 and 20, Fig. 579, is designed to illustrate the wave theory 
of light. The plate, 20, which fits the lantern, is made 
of a glass photograpiiic negative plate, expf)sed and devel- 
oped to render it opaque. A number of parallel scratches 
are formed onc-cighth inch apart in the film bj' means 
of a large needle. The slide. 19, should be of the same 
width as the plate, 20, but three or four times as long. 
Upon this slide, which is also a piece of negative glass, is 
scratched a sinuous line, covering about one-third the width 
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of the plate. 'Phis line is easily made by the aid of a sheet 
metal p.attern laid out by means of conqiasses. Bv placing 
the plate with the parallel scratches in the lantern, and 
moving the slide over il, a scries of dots, representing ether 
particles, will be seen to move up and down on the screen 
without advancing, but the waves formed bv the dots 
move on. 

At 21, Plate VI 11 ., is shown a device for illustrating the 
compression and rarefaction of air in sound waves. I'his 
slide dilfei’s trom the other in having a .single straight slit on 
one glass, and on the other glass a scries of sinuous slits 
gradually advancing in position in the scries. Bv moving 
the long plate over the short one, series of dots represent- 
ing air particles will be seen to advance toward and recede 
from each other. 

At 22 is shown a vertical tank which is thin enough to 
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enter in the place of a slide in the lantern. This tank is 
formed of two plates of glass and a segment of a fruit jar 
packing ring. If one ring is not thick enough, two may be 
used. The rings are coated on opposite sides with rubber 
cement, and immediately placed in position, and the glasses 

are bound together by means 
of stout thread or, better, fine 
wire. 

The tt)ilowing are, in brief, 
.some of the experiments to 
be tried with this tank. Place 
in it clean water, and while 
it is in the lantern droj) in a 
small (luantity of ink. 

Trv alcohol or glycerine in 
water, in the same way. I’ut 
in a weak solution of nitrate 
of silver, add a small drop of 
solution of common salt. Po 
a weak solution of blue lit- 
mus add a little vinegar or otl'.er acid. The .solution turns 
red: ad<l a little ammonia, and the solution again becomes 
blue. These are striking experiments, aiul there are many 
others equallv good. Hv jdacing two wires in the tank, 
filled with acidulated water, as at 24, and attaching a bat- 
tery of sufficient yiower 
to the wires, the dccom- 
positi(>n of water may be 
shown. 

At 25, Plate VIII., is 
shown a device for ex- 
hibiting refraction. A 
card, having a slit one- 
sixteenth of an inch wide and about two inches long, is 
placed in the lantern, and in front of it is held a strip of 
plate glass. So long as the gla.ss is parallel with the card, 
no effect is produced ; but when the gla.ss is held at an 
angle with the face of the card, the line of light passing 
throuirh the slit is bent aside or refracted. 
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Figs. ^.76 and 577. 



Perforated Tin and Apertured 
Di>k. 
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Magnetic curves (26) are shown on the screen by placing 
the magnet on the vertical attachment, placing on the mag- 
net a glass plate, sprinkling on the glass a few iron filings, 
and then gently tapping the glass to cause them to arrange 
themselves in curves. 

The chemical thermometer (27) is projected after warm- 
ing it until it is quite blue, then dipping it into a glass of 
cold water in the field of the lantern. The changes from 
blue to pink are very pretty. The change begins at the 
outside. 

By coating glasses with solutions of various salts, 
crystallization may be seen in progress on the screen. 

By means of a simple magnetic needle mounted on a 
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point cemented to a glass jilatc, and used in the vertical 
attachment, various e.xperiments in magnetism may be per- 
formed. 

No attempt has been made to treat the subject exhaus- 
tively, but enough has been suggested to show that a con- 
siderable amount of experimentation may be done with a 
cheap lantern and easily made accessories. 

MICROSCOPIC PROJECTION. 

The toy lantern, and the inexpensive microscope de- 
scribed in previous chapters, are pressed into the service of 
microscopic projection, the lantern serving as the illumina- 
tor, the microscope stand as a support for the object, and 
the eyepiece of the microscope as a projecting objective. 
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To arrange the microscope for projection, the focusing 
tube is withdrawn from its guide, the draw tube is removed 
from the focusing tube and inserted in the place of the 
latter, after being wrapped with one or two thicknesses ot 
paper to make it fit. The eyepiece is now inserted bottom 
up in the draw tube, that is, with the eye lens next the stage 
of the microscope. The cube is then turned down into a 
horizontal position, as shf)wn in the engraving (Fig. 5^0)1 
object of some kind is placed on the stage, and the lantern 
is arranged so as to project a bright, sharp image of the 
flame upon the back of the object. The illuminating power 
of the lamp may be increased b}- turning its flame edgewise 
or at angle of 45 . 

A screen, preferably of white cardboard, is ])laced about 
five feet distant from the microscope, and the image is 
focused by sliding the draw tube. Tiie room in whicli 
the microscope is used must be made as dark as possible. 
With these appliances, ordinary objects may be projected .so 
as to be easilv visible to twelve 01 fifteen persons. 'Phe 
nearer the scene is to the microscope, the brighter will be 
the image. 

The eve[)iece belonging to this microscope is of the nega- 
tive kind, that is, the image is formed between the eve lens 
and the field lens, when the evepiece is used in the regular 
way. Verv good results ma\ be secured by the use of a 
single lens. Fither of the lenses of the eyejiiece may be 
used bv removing the other, but in this case the diapliragm 
innst be taken out to allow the lull beam of light to pass. 

The objects that mav be shown in this way are the larger 
animalcules found in stagnant water, parts of insects, sec- 
tions of wood, stems, leaves, etc., crystals, woven fabrics, 
feathers, etc. The objects .selected should be as tliin as 
possible, and if nnmonnfed should be pres.sed flat between 
two glasses. An inexpensive cell for containing objects in 
water may be made by pressing two plates of glass, one 
inch wide and three inches long, upon opposite sides of one 
or two segments of a rubber fruit jar ring, and binding the 
glasses together upon the rubber by means of very strong 
thread. 
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Some care is necessary in placing the microscope tube 
and lantern tube axially in line. It is necessary to su[)- 



port the microscope at such a heij^ht as to cause the 
brij^htcst part of the imaf^e of the flame to fall u])on the 
object. A clear, sharp image may be prod act'd in the man- 



they issue irntu their respective orifices, is perfectly safe, it 
being impossible for the gases to mix in the tubes or gas 
holders. In this burner the central or oxygen tube has a 
conical end with a central orifice O’Oj inch in diameter. The 
hydrogen tube is provided Avith an adjustable cap, having a 
central orifice O' r inch in diameter. The cap is conical in- 
ternally and externally, and when properly adjusted, as 
shown in the sectional view, the thin space between the inter- 
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nal surface of the cap and the conical end of the oxygen tube 
forms a passage lor the hydrc)gen, which directs it across 
the path of the jet of oxygen. By this simple device the 
gases are intimately mixed at the moment of ignition, and 
the result is a clear, intense light with no suY)erfluous flame 
and with c(jmparatively little free heat. The performance 
of the burner compares favorably with those that mix the 
gases inside, while it is perfectlv safe, and mav he used with 
a gas cylinder (»r bag of oxygen, and with (ordinary illum- 
inating gas at the usual pressure. 

A simple and effective device for turning and elevating 
the lime holder is shown in the cut. It consists of a spiral 
spring soldered to the lime holder spindle, and secured to a 
rod extending to the back of the lantern. It is, in fact, a 
small use of the “ flexible shaft.” By turning the rod, the 
lime is turned and elevated. 

THE SCIENTIFIC I..\NTP:RN. 

In lantern projection, as in all other scientific work, the 
best results can be obtained only by emj")loying the best 
means. While a cheap lantern may have considerable utility, 
it cannot fully satisfy modern requirements in the line of 
scientific projection. In Fig. 582 is illustrated a lantern 
which is adapted to all kinds of projection, and which may 
be readily shifted from one kind of work to another. It is 
provided with an o.xyhydrogen burner and with an electric 
lamp, cither of which may be used at pleasure. It may be 
very quickly arranged as a vertical lantern, and all of the 
attachments arc constructed so that they may be placed at 
once in the position of use without the necessity of align- 
ment and adjustment in each case. 

The frame of the lantern consists of cast iron end pieces 
having rectangular legs attached to the base. To the sheet 
iron toj^ is attached a tall chimney, having a cowl at the 
upper end for confining the light. OpY>osite sides of the 
upper portion of the frame are provided with hinged sheet 
iron doors. The lower part of the lantern frame is provided 
with hinged removable doors, which may be used to close in 
the light. 
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The front is furnished with a plate hinged to swing in a 
vertical plane, and provided with a cell for containing the 
outer lens of the condenser. The axis of this lens cell coin- 
cides with that of a similar cell sujiported bv the iront end 
piece of the frame and cont;uning the inner lenses of the 


Ft.:. 5 '- 



Scieniitic l.nniern 


condenser. The inner lens of the condenser is a plano- 
convex, 4 inches in diameter and of 8 inch focus, arranged 
with its plane side toward the light. The two outer lenses 
are plano-convex, 5 inches in diameter and 8 inches focus, 
arranged with the convex faces adjoining. The distance 
between the lenses is inch. The combined focal length 
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is UDOut 2 inches, measured from the plane face of the rear 
lens. 

Prof. A. K. Eaton, (j 1 Brooklyn, has devised a condenser 
in which the inner lens is a meniscus and the outer and 
larj^er ones are enjssed lenses. It is used in manv scientific 
lanterns and is very effective'. 

The outer or movable lens cell jirojects bevond the 
hin^^ed [elate, and receives a split rinj^ [erovided with a 
shallow internal Ljroove. which tits over a corresjeonding 



circumferential rib on the lens cell. This split ring has a 
tangent .screw for drawing it together, .so as to cause it to 
clamp the lens cell. It is also furnished with an ear, into 
which is screwed a bar jearallel with the axis of the lens. To 
this bar arc fitted the slide support, the supports of the pro- 
jecting lenses, the a[)paratus for microscopic projection, the 
polariscope, the adjustable table for holding tanks, pieces of 
apparatus, etc. 

As represented in Fig. 582 the lantern is arranged for 
projection of pictures, diagrams, and such pieces of appa- 
ratus as will go in the place of an ordiniiry lantern slide. 
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The objective is a one-quarter portrait lens of good quality. 
For the support of tanks and other vessels tor projection 
the table, /, shown in Fig. 583. is used in place of the slide 
holder. 

The attachments shown in Fig. 583 arc employed for the 
projection of microscopic objects. The engraving showsthc 
polariscopc in place ; but this may be removed bv simiily 
taking the short tubes which contain the prisms of the polar- 
izer and analvzer out of the sleeves, /. The stage is ar- 
ranged so that it mav be revolved either with or independ- 
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ently of the polarizer, and the latter may be revolved inde- 
pendently of the stage. The objectives are supporti-d by a 
movable plate, which swings so as to bring cither of the 
objectives into the position of u.se. small conically pointed 
spring bolt locks this plate in cither of its three positions. 
When it is desired to use a larger objective, the plate 
may be swung bclovv the.su|)porting bar, when the objective 
may be inserted in the sleeve,/. This arrangement ad- 
mits of applying a system of lenses for wide-angled crys- 
tals. 

In the projection of microscopic or polariscopic objects 
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it is advisable to always iiiterpt>se the alum cell or water 
tank, //, between the condenser and the Xicol prism or the 
object, to intercept the heat, and thus prevent injury to the 
prism or object. 

The table, /, which .supj)orls the tank, //, is made adjust- 
able as to heig’ht to accommodate different objects or pieces 
of apparatus. In front of the microsco[)e attachment is 
supported a centrally apertured disk, which prevents .stray 
light from reaching the screen. 

The sleeve that supports the objective holder and the 
sleeve,/, slides on the tube, a, fitted to the suppcjrtbar, and 
is provided with a pinion which meshes into the rack on the 

Fi(,. 5S(>. Fir,. 5S5. 
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A])pliration of the Ninety Deirrce Pi ism 

tube, a. By means of this pinion the objectives, together 
with the .sleeve,/, are moved out or in for focusing. 

In Fig. 585 is represented a polariscope for large objects, 
which is constructed according to the plan of Delezenne, 
but modified by the writer .so as to utilize a right-angled 
totally reflecting prism, such as is used for j^resenting 
objects right side up on the screen ; al.so for throwing 
the beam horizontally from the vertical attachment, as 
will be described later on. 

The black glass polarizing mirror, d, is arrangeil at the 
polarizing angle in the path of the cone of light proceeding 
from the condenser. Below the mirror, (/, is supported the 
right-angled prism with its reflecting side parallel with the 
mirror, d. The beam of light thrown downward by the 
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black glass is thrown forward by the prism. A rcvoluble 
stage, r, and a tube. </, containing an objective and analyzing 
prism, are supported with their axes coincident with that of 
the light beam proceeding from the prism, r. Focusing is 
effected as in tlie other case. This arrangement is par- 
ticularly ailapted to the projection of tlesigns in selenite or 
mica, mica coiicn. semi-evlinders, and specimens of strained 
glass. 

There is an inappreciable loss I'csulting from the angle 
formed bv the 90 sides of the pri-^m with the incident and 
emergent beams. The polarizer works very ])crfect!y and 
costs only a small fraction ol the amount l etpdred to pur- 
chase a Nicol prism of the same ca})acitv. It cannot, of 
course, be reyohed ; but the object and the analyzer can be 
turned, which is sullicicnt. \ cr\ good I'csults can be secured 
by employing a [)lanc mii ror in place of the re-fleeting prism. 
The bar which projects troin tlu. Iron! of the lant('rn is made 
in two sections, connected b\' a close-fitting bayonet joint to 
give it sufficient length to la-cciyc the various attachments. 
Its under surface is [iro\ ided with a \'-sha]tc-d groov e for 
receiving \'-shaped gibs, carrit-,1 by the sleeves of theclamp- 
ing screws and guided bv slots in the sleeves. When it is 
desired to (,b'o[) anv allachinent out ol tlu; wav ten!|)orarilv, 
the clamping screw may be h»osened, and the attachment 
may be turned down below the su])poiiing bar. 

For such objects as must lie in a horizontal position when 
projected, the hinged plate which sujjports the outer half of 
the condenser is raised into a horizontal [losition, and a tri- 
angular casing containing a mirror is placed underneath it. 
The attachment is provided with short studs, which enter 
the front of the lantern and the hinged plate, and hold it in 
position. The reflecting ])rism (Fig. 5<S5), (»r a plane mirror, 
is placed over the objective to direct the light to the 
screen. 

To prevent the escai)e of stray light, a wire frame is 
attached to the body of the lantern, so as to sup[)ort a black 
cloth canopy, which covers the entire front of the lantern 
and extends downward below the support bar. It is pro- 
vided with an aperture in front for the passage of the pro- 



I.ANTERN I'ROJECTIOX. 


97 


jectcd beam. In addition to this protection, the larger 
objectives may be provided with disks like that shown in 
Fig. 583. It may also be provided with a hollow cone, 
extending from the rear end of the objective toward the 
object. 

These precautions in regar<l to the escape of light are 
particularly necessary in microscopic and polariscopic pro- 
jection, which require a thoroughly darkened room. In the 
projection of plain microscopic objects, it is found adx’an- 
tageous to [)lace a jilano-convex lens of three-hnirths inch 
focus behind the stage. In inanv cases a j)arallcl beam ol 
light is required for polarization. This may be secured by 
introducing into the cone of light a j)lano or double concave 
lens of the pro[)er curvature. 

An analyzer, formed of :i scries of tliin glass j>lates, and 
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Courst' of lh«* Rays throuirh thr F.reclini; Prism. 

arranged to sh<iw both transmitted and reflected beams, is 
desirable. By a second reflection of the reflected beam it 
maybe combined with the transmitted beam, showing that 
the reunion of the conqdcmentarv colored beams produces 
white light. 

In Figs. 585 and 5 SC are shown t\\i> aj)pUcations of the 
90 ■ prism. In Fig. 58C it is shown in position for erecting 
the image produced by the lantern. The course of the rays 
is clearly indicated in Fig. 587. 

The totally reflecting prism, when used to render the 
beam horizontal in a vertical lantern, is arranged as shown 
in Fig. 585 ; i. c\, with one of its faces at right angles to the 
beam, and with its reflecting face at an angle of 45° with the 
beam, or approximately so. 

Probably the most desirable source of light for all pur- 
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poses is the oxyhydrogen or calcium light. The burner 
shown in Fig. 582 is an excellent one. It is provided with a 
platinum-tipped jet and is arranged for every adjustment. 
The lime cylinder can be revolved and raised or lowered. 
The jet may be adjusted relatively t«) the lime so as to 
secure the best results. As the gases are mixed inside the 
burner, they should be taken from tanks or cylinders in 
which considerable pressure is maintained. Gas bags are 
unsafe when used in connection with a burner of this kimi. 

Gas cylinders, when used with care, are safe. It is a 
good plan to test both the oxygen and hydrogen before con- 
necting the cylinders with the burner, to sec that neither ol 
the cylinders contains an explosive mixture. This is easily 
done by means of test tubes or metallic tubes closed at one 
end. This tube is placed over the nipple of the coupling, 
and a small amount of gas is allowed to How in. The gas 
is shut off and the tube is instantly closed ; a lighted match 
is placed at the mouth of the tube, with the tube open. If 
the gas ignites and burns quickly at first and then goes out 
with a puff, it is hydrogen pure enough for use ; but if the 
gas explodes when the match is applied, it should be tried 
again ; if it explodes the second time, it shows that the mix- 
ture in the cylinder is explosive and should not be used. 

When a match is applied to the tube containing oxygen, 
it simply burns brighter ; no explosion occurs. 

In using the oxyhydrogen light, the lime cylinder should 
be adjusted so that it will revolve at a uniform distance of 
about V.T i^^ch to inch from the tip of the burner. The 
hydrogen must be turned on first, lighted, and adjusted to 
forn\ a flame that s{)reads out upon the lime, and is 2 or 2| 
inches high ; the oxygen is then turned on until the light is 
at its full brightness and only a small fringe of red flame 
appears around the luminous part of the lime. The lime 
should be turned a part of a revolution from time to time, 
to present a new surface to the jet. When the light is to 
be extinguished, the oxygen is turned off first and then the 
hydrogen. 

By moving the burner up or down or from right to left, 
the best position of the light for covering the screen can 
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readily be determined, and by moving it toward or away 
from the condenser, the correct position for the burner rela- 
tive to the focus of the lantern can be secured. The burner 
must be moved forward when the screen is distant and in 
the opposite direction when the screen is near. If a soft 
lime cylinder is used, the jet is liable to make a cavity in 
it, which will cause the flame to shoot out toward the con- 
denser. This frequently causes the breaking of the con- 
denser, especially when the burner is near the condenser. 
If the lime is apt to pit, it should be frequently turned, so 
as to bring a new surface opposite the burner, and the gases 
should be turned off, so as to diminish the hjrce of the jet. 

Some lantern users place a thin film of mica or ^ inch 
distant from the condenser, to prevent the flame from strik- 
ing the condenser. 

LANTERN EX PERI M ENTS. 

The engravings represent a few examples of the projec- 
tion of simple physical experiments upon the screen. Be- 
sides a lantern, a few glass tanks with parallel sides will be 
required. These are preferably, but not necessarily, made 
of three pieces of plate glass, one a thick piece, having the 
shape of the cavity cut out of it, the others simply flat 
pieces, attached to the opposite sides of the first by means 
of marine glue or other suitable cement. 

A cell made of plates of glass clamped on opposite sides 
of a bent rubber strip serves a good purpose. It is a great 
convenience to have several of each kind, so that prepara- 
tions for projection may be made at leisure. 

In Fig. 588 is shown the well-known experiment illus- 
trating cohesion. In the tank is placed a mixture of alcti- 
hol and water, having the same specific gravity as olive oil. 
Into the mixture is very carefully introduced a globule of 
olive oil, which may be colored or not. The oil assumes 
a perfectly spherical form, and produces a very interesting 
image on the screen. 

In Fig. 589 is shown the method of projecting the expe- 
riment in which the volume of equal parts of alcohol anil 
water is less when they are combined than it is when they 
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are separate. The tank has a large chamber with a narrow 
neck. The chamber is divided in the center by a remova- 
ble partition having soft rubber edges. VVater is introduced 


Fig. 5SS. 



Reduction of Volume by Mixture. 

mixture immediately falls some di.stance below the mark on 
the glass. After a thorough mixture of the liquids, the par- 
tition may be replaced in its first position. 
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By arranging a tank with a partition near one end, as 
shown in Fig. 590, the experiment in which a large amount 
of cotton is introduced into a vessel filled with alcohol, 
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Absorption ol Gas by Charcoal. 


ferred from the larger to the smaller compartment, bv 
means of a pair of fine tweezers, without causing the alco- 
hol to overflow. 
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The absorption of gases bv charcoal is readily shown in 
the manner illustrated in Fig. 591. A ghuss tube, open at 
both ends, is dipj)ed in mercury contained in the bottom of 
the tank. A cork is fitted to the upper end of the tube. 
Carbonic acid is poured into the tube, then a piece of 
freshly heated charcoal is dropped in, and the cork is in- 
stantly replaced. The charcoal absorbs the gas rapidly, 
creating a partial vacuum, which causes the mercury to rise 
in the tube to a- considerable height. 

In Fig. 592 is shown a tank containing four liquids of 
different densities, the densities decreasing from the bottom 
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Eqiuiibrium t>f Liquids 


upward. This is .■^imply the well known experiment of the 
“ vial of f<.>ur elements.” I'he liquids are mercury, a satu- 
rated solution carbonate of potash in water, colored alco- 
hol, and kerosene oil. I'his sim|)le e.xperiment is very inter- 
esting when performed in the usual way ; but when it is 
projected upon the screen, the struggle of the different 
liquids to regain equilibrium, after having been thoroughly 
stirred up, is striking. 

A simple and efficient rotator, in which the means of 
communicating rotary motion docs mjt appear on the .screen, 
is shown in Figs. 593 and 594. In this apparatus a glass 
wheel, provided with a bra.ss rim, is furnished with a shaft 


LANTERN PROJECTION. 


ro3 


which turns in a hole bored in the center of a thick glass 
supporting disk. The brass rim of the wheel is provided 
with a series of radial vane.s, also with three clamping 
screws bearing rm spi'ings in the interior of the rim for 
clamping the objects to be rotated. A nozzle attached to 


Fig. 5Q3. 



Rotator for the Lantern. 


Fig. s<)4. 



Section of Rotator. 


the back piece is arranged to direct a jet of air upon the 
vanes, and thus cause the glass wheel to revolve. A 
Fletcher blowpipe bellows furnishes a suitable blast for 
this purpose. 

To the rim of the glass wheel are tittcd disks for blend- 
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Newton's Disks. 


ing colors Among these arc Newton’s disks, Fig. 595. in 
one of which the colors of the spectrum are four times re- 
peated, also a Brewster's disk. These tlisks arc made by 
attaching colored films of gelatine to glass, t>r by tinting the 
glass by means of colored lacquer. The rotator is also pro- 
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Fig. 596. 


vidcd with a circuUir cell tilled with the liquids of different 
densities, to which allusion has been made in a previous 
article. This cell, when at rest, api)ears as in Fi^. 597, anti 
when in motion as in Fijr. 598, the different liquids beinj; 
compelled to assume certain relations with each other by 
centrifugal force, the heavier liquid, a, taking the position as 

far from the center ol rotation as possi- 
ble. the liquids, />. r, </, arranging thein- 
seh es in the order of their tlensities. 

The lantern slide shown in Fig. 599 
forms a beautiful object for projection 
on a screen. 'I'he slide, which is fitted 
t(^ the lantern, has a circular aperture 
for the passage of liglit, and is provided 
with two s])rings for holding two 
[ueces of plate glass connected together 
with Canada balsam. The uj»per ai.d inner corners of the 
glass are beveled up to within a short distance of the ends, 
forming a groove or trough for the reception of an aqueous 
solution of some (jf the aniline colors. A lever carrying a 
pointed knife f(n' separating the glasses is pivoted in the 
upper portion of the slide. At the ends ot the glasses the 
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Fig. 597. 


Fig. 596. 




Action of Centrifui^^al Force on Liquids>. 


two joining edges are beveled — as shown in the small 
detail view — to receive a portion of the surplus balsam 
pressed from between the glasses. This extra balsam pre- 
vents the entrance of air from the ends of the glasses. 

The groove formed between the upper edges of the 
glasses being treed from balsam, is filled by means of a pipette 
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with a strong aqueous solution of one of the more brilliant 
aniline colors, and the slide is placed in the lantern. Now, 
by gradually pressing down the lever, the glasses are sep- 
arated by the entrance of the knife between ihcir edges, 
riie arborescent forms grow d<nvnward in the slide, and 
the aniline color tills them, while upon the screen huge 
ferns and cacti grow up with great rapidity. Any of the 
brighter aniline colors will answer, but green seems the 
most appnqiriate, as the exipiisite forms that appear on the 
screen resemble leaves and vegetation more than anything 
else. 


Fu;. 599 



Lantern Slide for projeclinji Arborescent Forms. 


Without the application of color, the balsam yields 
images which closelv resemble richly embossed white satin, 
the form of the figures being substantially like those shown 
in the cngra\’ings. Anv viscid substance such as vaseline or 
lard will exhibit this phenomenon, but the balsam gives the 
best results. 

The annexed engraving shows an inexpensive and very 
simple and effective device for exhibiting the action of the 
circulating fountain upon a screen. It consists of a glass 
tube of small diameter bent into the form of a volute, with 
the inner entl t)f the tube extended laterally, and then bent 
vertically and provided with a funnel at the upper extrem- 
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ity. The tube at the outer end of the spiral is bent out- 
ward radially, then downward at rijjh! angles. The tube 
thus bent is inountctl on a board haviiiij a circular aperture 
a little larger than the spiral, so that the entire spiral may 
be strongly illuminated, while the ends of the tube leading 
to and from the spiral are concealetl by the board. 

Above the funnel is supported a reservoir with a fine 
ajutage, the reservoir being jirovided with a pointed 
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Circulating Fountain foi IVojection. 


wooden rod which extends down into the tube at the lower 
end and forms a valve for regulating the flow of liquid. 

The liquid employed is water to which has been added 
some coloring matter, such as aniline blue, red, or green. 
A few dro]>s of aniline red ink answers for this purpose. 

The flow of the liejuid is started by loosening the valve, 
so that the water drops regularly into the funnel of the tube 
below. The drops should fall so as to include air spaces 
between them. The liquid, as it issues from the down- 
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wardly turned end of the spiral, is received in a cup, bv 
which it may be returned to the reservoir to be used a^in. 

When it is desired to accelerate the iinjtion o/ the 
liquid in the tube, a short rubber pipe is connected with the 
downwardly turned end oi the t^lass tube. 

I'hc jjlass tube is about one-sixteenth inch internal dia- ' 
meter, and the spiral is three and one-half inches in dia- 
meter. 

When the fountain is in operation, the material of the 
spiral appears to revok e, but each convolution at a differ- 
ent rate of speed, owins^ to its increasint^ diameter. When 
projected with a ^ood lantern and a strong light, it becomes 
a very interesting object. 

The experiment illustrated in Fig, 6oi shows the great 
elasticitv of certain solid bodies and the almost total want 


of elasticity in other solid bodies. Fir,. 6oi. 

This experiment is introduced ^ 

here mainly on account of its 
adaptability to projection with 

glass, a small slab of marble, or 

I , , 1 , 1 4, 1 Elasticitv of Solid Bodies, 

better, a bar ol tempered steel, 

is supported so that its upper surface appears in the field 
of the lantern. A small glass ball, or a or .V inch hardened, 
ground, and polished steel ball, such as is made by the 
Simonds Manufacturing Company for ball bearings, is 
dropped ujion the glass or steel from a measured height 
within the field of the lantern. The impact compresses the 
ball and the plate. At the instant following the stopping 
(if the ball, the ball and the plate, by their own elasticity, 
return to their normal condition, and the fojxc stored by 
the impact is given out instantaneously, forcing the ball 
back toward the point of starting. If undisturbed, the ball 
will fall and rebound again and again, losing a little of its 
force each time until it finally comes to rest. 


By substituting a lead plate for the glass or steel plate, 
or by substituting a lead ball for the glass or steel one. it is 
found that the force ac(|uired by the ball in its descent is 
expended mainly in changing the form .of the plate or ball. 
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and that as the inelastic nature of tlie material j)revents it 
regaining its former shape, there can be no rcboiiiul, as in 
the other case. 

The property of elasticity is also shown by the collision 
balls illustrated in Fig. 602. This well known experiment is 
adapted to the lantern, and shows well on the screen. Six 
of the steel balls already referred to or six small glass balls 
or marbles are required. Each ball is provided with a small 
metallic eye, which is attached by means of cement or 
fusible metal used as a solder. Five of the balls are sus- 
pended from the two wire supports by fine silk threads, so 
that they all hang in line and touch each other very lightly. 

Fir; ()w2. 





r'ollisiun Halls, 


The sixth ball is suspended l)y a wire, which is bent down 
between the supports to receive a thread which extends 
through an eye attached to the supports and serves to draw 
back the sixth ball. The thread by which the ball is moved 
is not noticeable, as it is partly or wholly concealed by the 
supports. By drawing back this ball in the manner indi- 
cated, and then allowing it to fall, its impact will slightly 
flatten the ball with which it comes into contact, and each 
ball in turn transmits its momentum to the next, and so on 
through the entire series. The lUvSt of the series is thrown 
out as indicated in dotted lines, and upon its return its im- 
pact produces the same result as that already described, but 
the effects are in a reverse order. 
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A very simple, plc.isinfj, and ai the same time instructive 
lantern experiment is illustrated in Fi^^ 603. A lodestone 
supp<jrtcd by a brass wire from the baseboard is arranged 


Fig. 603. 



Maynelizaiion by Lode'^tone. 

to project into the field ot the lantern without showing the 
wire. Under the lodestone is placed a small cup filled with 
fine iron filings, and also in the field of the lantern. An un- 

Fk;. 604. 



Etfbct of a Helix on Suspended Particles of Iron. 

magnetized needle is dipped in the filings and removed, 
showing that it has no. power to lift the filings ; then while 
it is still in the field of the lantern, the needle is rubbed 
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across the end of the lodcstonc and dipped the second time 
into the tilings. This time the nced'c takes u[) a quantity 
of the filings, showing that the iodcstone has imparted mag- 
netic properties to the needle. 

To render this experiment complete, an erecting jirisin 
must be used to cause the image to a[)pear right side up on 
the screen. 

The effect of a helix on particles of magnetic material 
suspended in a liquid is shown in the experiment illustrated 
by Fig. 604, which is arranged for projection or for individ- 
ual observation. A short section of glass tubing, 2*4 inches 
in diameter and ^ inch long, is ground true and sniiaoth at 
its ends and clamped between two plates of glass with inter- 
vening rings of clastic rubber. Before clamping the parts 
together, one end of the glass tube is cemented to the pack- 
ing ring, which in turn is cemented to the glass, and a small 
quantity of fine iron filings is placed in the cell, the cell is 
filled with a fifty per cent, solution of glycerine anda'cohol, 
and a helix formed of five or six laye”s of No. 16 magnet 
wire is placed upon the glass tube. The remaining packing- 
ring is placed on the end oi the glass tube, the second glass 
plate is put in position, the clam}>s are applied, and the appa- 
ratus is ready for use. I'his method of making the cell leaves 
an air bubble, which is needed to allow the liquid to expand 
freelv. 

By thoroughly agitating the liquid, the iron filings will 
be evenly distributed throughout the cell, and thej- will be 
prevented from falling immediately by the viscid nature of 
the solution. 

When a battery is connected with the helix, the iron 
particles arrange themselves at right angles to the wire and 
parallel with the light beam, allowing more light to pass. 

The effect produced in the magnetic field by the pres- 
ence of an armature is shown by the lantern experiments 
illustrated in Figs. 605 and 606. 

In Fig. 605 is shown a permanent magnet having the 
form of a field magnet of a dynamo. This magnet is 
cemented to a plate of gla.s.s. When the magnet thus 
arranged is placed in a vertical lantern, with the glass 
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uppermost, and a few fine iron rilin;.cs are sprinkled on the 
glass, the usual magnetic curves are formed. The lines 
will extend straight across from one ])olar extremity of the 
magnet to tlie ol her, and at the ends will be formed sym- 
metrical, a])proximately semicircular curves. When a 
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The Magnetic Field. 


cylindrictil piece of iron, reprcsentinj!^ the armature core 
of a dynamo, is inserted between the j)olcs of the magnet 
in the place usually occupied bv the armature, the lines are 
deflected inward, becoming perpendicular to the periphery 
of the armature. The iron representing the armature is 
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EHfct of .in .Armature on the Magnetic Field. 


cemented tt) a second plate of glass. The iron particles 
arrange themselves in a mi>re pritnoxinced bgxire if the 
glass plate ui)on which they arc sprinkled be jarred slightly. 

In Fig. 607 is shown a method of forming magnetic curves 
for projection in which the iron particles slowly arrange 
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themselves under the influence of the maj^net, giving the 
appearance of crystallization. In a closed cell is placed a 
quantity of glvccrine. into which is introduced a quantity of 
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Maffiirtic Field. 


tine iron filings. in the top of the cell are in.serted two soft 
iron pole pieces, arranged to receive the poles ol a perma- 
nent magnet. The glycerine is thoroughly agitated, so as to 
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Projection of Electric Spark. 


distribute the filings as evenly as possible throughout the 
cell. The cell is then placed in the lantern, and the magnet 
applied to the pole pieces. The iron jrarticles will be drawn 


I,ANTERN I'ROJEC'JIfJN. 


slowly toward the pole pieces, arranging themselves in sym- 
metric curves. 

In Fig. CoS is shown apparatus for the projection of the 
static discharge. It consists of a stand having two vulcanite 
columns, in the upper ends of which are inserted adjustable 
brass rods, provided with brass balls at opposite ends. The 
adjacent balls are adjusted to the striking distance and 
focused on the screen. The light for projection should be 
only strong enough to show an image of the balls. When 
the conductors of a static machine or induction coil are 
connected with the brass rods, the path of the spark will 
appear as a brilliant white line on 
the screen. The discharge of a 
Leyden jar is still more brilliant. 

The apparatus shown in Fig. 

609 is de.signed to .show up(jn the 
screen the experiment known as 
the electric fountain. A small glass 
vessel provided with a capillary 
tubulure at the bottom is sup- 
ported above a tumbler. I'lic 
vessel is filled with water and the 
capillary aperture allows the water 
to drop slowly when acted upon 
by gravity only, but when the 
water is electrified by connection 
with a static machine or induction coil, it issues in a fine 
stream, the change in tlie character of the discharge being 
caused by the mutual repulsion of the particles of water. 
In all these experiments an erecting })rism is required. 

The discovery of the action of an electric current upon 
a magnetic needle was made by Christian Oersted in 1819. 
It is shown by experiment that the magnetic needle tends 
to arrange itself at right angles to a conductor carrying a 
current. 

In Fig. 610 is illustrated a piece of apparatus for demon- 
strating this fact, either to a few individuals or to a large 
assemblage, by the aid of a lantern. It consists of a com- 
pass with a glass bottom having the scale marked on it. 
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The needle turns on a pivot projecting from a little plate 
cemented to the center of the glass. When a conductor is 
laid across the compass, parallel with the needle, and a cur- 
rent is sent through the conductor, the needle is deflected 
in one direction or the other, depending upon the direction 
of the current. 

The amount of deflection depends, of course, on the 
strength of the current. 

In the year following the discovery of Oersted. Schweig- 
ger found that the power of the current over the needle 
was increased bv causing the current to j)ass several times 
around the needle. Owing to this fact, the galvanometer 
was lormerly known as the galvano-multiplier. A conve 
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Compasb lor projecUng Qcrbted’s Experiment. 


nienf and useful galvanometer for oi'dinary use, and for pro- 
jection, is shown in Fig. 61 1 ; 1 showing the complete in- 
strument in perspective, 2 being a diagram of the circuits, 
and 3 being a transverse section of the comjiass box. 'The 
foundation of tliis galvanometer is a fine photograph on 
glass of a complete scale of degrees of the size of an ordi- 
nary lantern slide. Upon the center of the photograph is 
cemented a small metallic disk, in which is secured a fine 
needle point, and upon this is poised a jeweled comjiass 
needle taken from a pocket compass. 

To diametrically opposite sides of the boss of the com- 
pass needle are soldered the heads of two entomological 
pins, which are perfectly adapted to this use, being long, 
thin, and finely pointed. These are arranged exactly at 
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right angles with the needle. To one of these pins is 
cemented a thin paper arrowhead, and upon the other pin 
is placed a small drop of solder to counterbalance the 
paper. 

The compass thus formed i^: provided with a glass cover, 
separated from the scale b}’ narrow strips of wood. The 
baseboard upon which the compass is mounted is provided 
with a round central aperture, a little larger than the circle 
of the scale. Across this aperture is secured an oblong 
rectangular coil, which will j)resently be described. The 

Fig. 6ii. 
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Galvanuinficr for Projec- 
tion. 



ends of the coil are let into recesses in the baseboard, so 
that when the compass is in its place the needle will occupy 
a central position in the coil. The compass, after adjust- 
ment, is fastened in place bv six small brass screws, and 
along one edge ot the compass is arranged a permanent bar 
magnet, which is held in its ])lace by two ])ins. The bar 
magnet serves for adjiusting the pointers to zero, and ren- 
ders the coini)ass independent of the earth s magnetism, 
so that the galvanometer may be used in any position 
without regard to the magnetic meridian. 
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The coil consists of a narrow copper trough, A (see 
diagram), of U-shaped cross section, one-fourth inch wide 
and one-eighth inch deep, separated a short distance at one 
end of the coil, so that the current may be sent around the 
needle through the copper trough alone when desirable. 

In the trough is wound a quantity of No. 40 silk-cov- 
ered copper wire, forming the coil, B, one terminal of 
which is fastened to one end of the copper trough in such 
a way that the trough forms a continuation of the coil. The 
opposite or outer end of the fine wire coil is connected with 
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Attraction and Repulsion of Parallel Conductors — Ampere’s Experiment 


the switch point, D. The corresponding end of the trough 
is connected with the switch point, C, and the remaining 
terminal of the trough is connected by a wire, C', with the 
contact spring at one edge of the baseboard. The contact 
spring at the opposite edge of the baseboard is connected 
with the pivot of the switch arm, E. 

The contact springs are designed to make connections 
with the studs on the lantern, which in turn are connected 
with the conductors of the galvanometer circuit. 

When the switch arm, E, is on the point, C, as shown in 
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the diagram, the current passes through the trough only. 
Arranged in this way, the galvanometer is adapted to the 
measurement of heavy currents. When the switch arm 
is on the point, D, the current goes through both the fine 
wire coil and the trough. In this way the instrument is 
adapted to light currents. This galvanometer is adapted to 
the general run of experimental work. It makes a gcjod 
image on the screen or ceiling when used in a lantern with 
a vertical attachment. The magnet interferes .somewhat 
with its sensitivene.ss, and may be removed when very deli- 
cate action is desired. 

In 1820 Ampere di.scovered that the action of a con- 
ductor in which a continuous current of electricitj' is main- 
tained is like that of a magnetic needle. He replaced the 
needle by a delicately pivoted conductor, and demonstrated 
that all of the phenomena of the needle could be repro- 
duced by the suspended con:luctf)r. 

Another curious discovery, due to the same great phy- 
sicist, is that of the mutual attraction and repulsion of 
parallel conductors. Apparatus for exhibiting this pheno- 
menon is illustrated by Fig. 612. In this figure the per- 
spective view shows the device adapted for projection, and 
the diagram shows the circuits. 

Two parallel wires. A, B. are arranged one above the 
other, the wire, A, being fixed, the wire, B, being movable. 
'I'he wire. A, is bent twice at right angles, and its ends are 
inserted in the baseboard. The wire, B, is bent twice at 
right angles, and the arms thus formed are provided with 
eyes which arc suspended on delicate pivots on the stand- 
ards, r, d. These arms a prolonged beyond their pivots and 
provided with weights for counterbalancing the wire, the 
weights being so arranged as to cause the wire. B, to rest 
normally a short distance, .say one-fourth or three-eighths 
inch, from the wire, A. 

The connections with the battery or other electric gen- 
erator are through the hooks, fr, Ik A current-reversing 
switch is provided, by which the current may be made to 
flow in the same direction or in opposite direction through 
the conductors. A, B. With the switch in the position shown, 
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the current arriving at the hook, a, passes in the direction 
of the arrow to the switch arm. /. point, g, point, i, and 
standard, r, through the conductor, 15, to the standard, </, 
thence to point. //. to the switch arm, r, tlience through the 
conductor. A, to the hook, />. The current llowing in oppo- 
site directions through the conductors. A, 15, causes the re- 
pulsion of the conductor. B. 

By shifting the switch arms, <•. /'. to the points, /, //, the 
current will How through both conductors in the same direc- 
tion, thereby causing them to mutually attract each other, 
the result being the movement of the conductor, B, toward 
conductor, A. This apparatus i.s designed especially for 
projection, the parallel wires only being visible on the 
screen. 


Fig. 013. 



A simple wav of illustraiiiig Anigo’s experiment showing 
the magnetizing effect of an electric current on soft iron is 
represented in Fig. 613 . The lantern to which this and 
other pieces of apparatus are adapted is provided with two 
rods projecting from the front of the instrument and connected 
with binding posts, which in turn are connected with a battery 
or dynamo. The base of this apparatus is furnished with spring 
clips for engaging the conducting rods of the lantern. To 
the upper ends of two posts rising from the base are attached 
the extremities of a copper wire, which is bent into spirals at 
its fixed ends. The wire is bent twice at right angles, and is 
curved downwardly between the arms extending from the 
spirals. The ends of this wire are connected with the clips. 
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On the base below the curved part of the wire is placed a 
box well filled with iron filinj^s. The box and tbe wire are 
projected on the screen, an erecting prism bein^ used. The 
wire is jjressed downward into the filings and withdrawn 
before the current passes, to show that the wire, uninfluenced 
by the current, is not able to lift the filings. The current is 
sent through the wire, when it is again dipj)ed into the filings. 
This time it will take up a quantity of the filings, as shown in 
the engraving, each fragment of iron becoming a magnet, 
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Magnetization by Means of Spirals. 


which tends to place itself at right angles to the current. 
When the cun-ent is interrupted, the filings fall. 

In B'ig. 614 is represented a device for showing the mag- 
netizing effect of a helix, also the different I’csults secured by 
helices wound in opposite directions. The frame is provided 
with metal clips for attachment to the rods of the lantern, 
and two helices, which are oppositely wound with respect to 
each other, are stretched across the frame. 

The ends of the helices are connected with the clips, so 
that the current passes from one clip through both helices, 
as indicated by dotted lines, to the other cli^. The helices 
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are provided with a coatinjj of insulating varnish. A darn- 
ing needle is placed in each helix, and when no current is 
passing, a magnetized cambric needle, suspended by a fine 
thread, is held near the ends of the needles in alternation. 
It is drawn toward both alike. 

After a current has been sent through the helices it will 
be found that the darning needles are magnetic, but, owing 
to the opposite winding of the helices, corresponding ends 
will have opposite polaritv, as will be shown by again pre- 
senting the suspended cambric needle to the ends of the 
darning needles. It will be attracted by one and repelled by 
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Sturgfoirb Ma;4:nct. 


the other. By placing a U-shaped piece of soft iron wire in 
the helices, as shown in Fig. 615, the construction of the first 
electro-magnet (Sturgeon’s) is clearly illustrated. 

In Fig. 616 is shown a device lor projecting the incandes- 
cent lamp. It is suspended from two conductors, and its 
image is thrown upon the screen with a dull light which is 
just sufficient to clearly show the outline of the lamp and the 
black carbon filament, A current is then sent through the 
lamp, when the filament becomes incandescent and shows as 
a brilliant arch on the screen, while all the parts of the lamp 
are distinctly visible. 
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In Fig, 617 is shown a method of projecting the electric 
arc which has the advantage of showing the carbons behwe 
the arc is formed, and also of rendering them visible during 

Fig. O16. 



Incandescent Lamp arrantred for Projection. 

the experiment. The lamp consists of two wire carbon 
holders attached to a woodci^stamlard and connected with 
the rods of the lantern, as in the cases before described. The 









Projection of the Arc. 

carbons arc projected with a dim light, showing the crater 
of the })ositivc carbon and the point of the negative carbon. 
Then the current is turned on, the carbons are brought into 
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contact and separated, forming the arc, the points soon 
become incandescent, and the arc light in full operation is 
seen on a large scale on the screen. 

1 hese experiments are very striking when seen upon a 
large screen, the projection of the arc and incandescent lights 
being particularly interesting. 

By inserting four screw hooks in a standard and stretch- 
ing the bands over the hooks, as shown in Fig. 6i8. the rock- 
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Rockini? Prism adapted to the Lantern. 


ing prism shown in Fig. 21.S is adapted for use in connection 
with a lantern. The light emerging from the lantern must pass 
through a narrow slit U) secure a perfect spectrum, and be- 
tween the screen and the prism should be placed a screen 
with an oblong aperture, which will allow all of the band of 
light to appear upon the screen with the exception of the 
colored extremities. With the prism supported in this way, 
it is an easy matter to turn it slowly back and forth, show- 
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ing on the screen the moving spectrum, which, with the 
more rapid movement, produces the pure white band. 

Fu;. 619. Fig. 620. 



Revolving Cell for Polarucope. 


In Figs. 6iy and 620 i>sti(t\\ n a revolving cell containing 
chips of selenite in water.' A.s the cell revolves by frictional 
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’Sif Am />■ ' 

Glass under Pressure, 

contact with the roller, the bits of selenite arc carried upward 
and allowed to fall, thus continually changing their position 
in the field. This object shows to the best advantage the 
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gorgeous colors of polarized light. Small pieces of quartz 
exhibited in the same way produce brilliant effects. 

In Fig. 621, at a and b, are shown the effects of glass 
under pressure upon a beam of polarized light. At a, a 
rectangular block of thick glass is arranged in an apertured 
plate between a convex edge, A, and the convex follower. C, 
the latter being torced downward bv a screw which is 
turned so as to bring more or less pressure to bear upon 
the edge of the glass. The bnlli.uiL\ of the color and the 
form vary with the pressure. In the other case, as shown 
at b, the pressure acts upon iliagonal lines from C to H. B, 
with the results indicated. 

VIBRATIONS 01 DIAPHRAC.MS. 

The telephone and [)honograph show conclusivelv that 
the human voice is able to set certain bodies in active vibra- 
tion. These vibrations may be detected by touch, but thev 
are not discernible by the unaided eye. It has been shown 
that the force which produces them is able to perform a 
considerable amount of work. A telephone diaj)hragm is 
able to vibrate sufficiently to transmit speech, even when 
heavily weighted. A diaphragm, when placed in a hori- 
zontal position and damped by a five jxnmd weight sus- 
])ended from its center, transmitted sjieech equally as well 
as one not so damped, the only difference being a consider- 
able loss in the v<dume of sound. 

Mr. Edison some years since devised a piece of ap})ar.i- 
tus km)wn as the phonomotor. in which a diaphragm 
vibrated by the voice was made tf) rotate a wheel at a high 
velocity. In the phonograph the cutting stylus, which is 
moved by the diaphragm, exhibits, when in action, some- 
thing of the power of the voice, and the engraving on the 
cylinder of the phonograph shows the complex character 
of the vibrations of the diaphragm, but on so small a scale 
as to be difficult of observation. 

The use of the apparatus shown in the annexed engrav- 
ings is, first, to show by means of the lantern that the tele- 
phone diaphragm vibrates, and, second, to exhibit by the 
«ame means the character of the vibrations. 
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At I, in Fi^. 622, is shown a telephone diaphragm ar- 
ranged upon a standard and adapted for projection. This 
apparatus is shown in section at 2. To the top of the dia- 
phragm cell is secured a hook w'hich supports a small me- 
tallic ball opposite the center of the diaphragm by means of 
a fine silk thread. The ball hangs normally in contact with 
the diaphragm, but when 'bounds are uttered in the tube 
attached to the cell, the diaj)hragm is vibrated, its motion 
being made manifest by the repeated repulsion of the ball. 

In Fig. 623 is shown an instrument for tracing upon a 
smoked glass a record of the movements of the diaphragm. 


Fl‘^. f>22. 



Exporiment showing the Vibration of a Diaphragm 


A wooden frame is supported by a standard secured to the 
baseboard. The face of the wooden frame is grooved to 
receive the smoked glass plate, which is held in the groove 
by four spring clips, so that it may be moved up or down 
after each tracing, preparatory to making a new one. In 
one edge of the frame are inserted two parallel n)ds, which 
are further supported by a standard attached to the base. 
The standards are made adjustable to adapt the instru- 
ment to lanterns of different heights. The arm which 
supports the diaphragm cell is provided with a sleeve 
which slides freely on the upper rod, and it is fur- 
nished at its lower end with a fork which partly em- 
braces the lower rod. By this arrangemeift, the diaphragm 



126 


EXPERIMENTAL SCIENCE. 


cell is truly j^uidecl while the tracinj^ is bcinsj; made, and at 
the same time the construction allows of tilting the cell 
whenever it is desirable to remove the tracing point from 
the surface of the glass. The diaphragm cell consists ot 
two chambered recessed disks fastened together with 
screws, and clamping between them a thin iron diaphragm. 
The upper disk is a})erturcd and provided with a flexible 
tube terminating in a m mthpiece. To the center of the 
diaphragm is attached a stud, which is pivoted to the trac- 
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Phonographic Recorder 


ing lever, this being fulcrumed in a rigid arm projecting 
downward from the ctll. The free end of the tracing lever 
carries a fine cambric needle, which lightly touches the sur- 
face of the smoked glass Avhen the cell is in the position 
shown. The tracing lever is made of a thin bar of alum- 
inum, which can spring laterally, but which is very rigid in 
the direction of its moti(}n. 

When used, the apparatus is placed with reference to the 
lantern so that the o}K-ning of the wooden frame will come 
within the cone of light in front of the condenser. The 
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smokfd j]jlas»is focused on the screen, the diaphragm cell is 
placed near the wooden frame and held in one hand, while 
the mouthj)iece at the end of the flexible tube is held at the 
mouth by the other hand. Now, while a sound is made in 
the mouthpiece, the diaphraj^m cell is quickly but steadily 
drawn aUmg, so as to cause the tracing needle to tra\-- 
erse the smoked glass. A sinuous line will be formed 
upon the glass, which will be characteristic of the 
sound uttered, and this line will appear ujjon the screen 
as it is formed. B}' tilting the diaphragm cell, and mov- 
ing the smoked glass, and then returning the cell to the 
point of starting, the operation may be repeated. It will 
thus be seen that, by means of this instrument, a sound may 
be produced and analyzed at the same moment. 

API’ARATfS FuR COMI’OrNDING KFC TAXGU FAR VIBRATIONS. 

The compound pendulum illustrated !)y Fig. 624 has 
advantages over those of the usual form, in being adapted 
to the ordinary horizontal lantern and in being less cumber- 
some and more easily managed. Perhaps the most import- 
ant difference between this and other instruments of its 
class lies in the tracing arm and ])oint. With this appa- 
ratus the beautiful curves of Lissajous appear on the screen, 
while the arm that traces them is invi.sible. With densely 
smoked glass this feature is not so apiiarent, but when col- 
ored collodion tracing films arc used, it is a novel sight to 
witness the development of these intricate figures by a point 
having no apparent support or guide. 

An apertured board having a recess for receiving the pre- 
pared glass plate forms the body of the apparatus. This 
board is connected by an iron standard with a base piece 
which is clamped to the lantern table in the manner shown. 
To the upper edge of the board is secured an arm provided 
with a horizontal stud upon which are pivoted two pendu- 
lums. The rear pendulum is proUmged above its pivt)t,and 
is provided with a right-angled arm projecting toward the 
lantern, parallel with the back board. The upper end of 
the rear pendulum is provided with two or three inter- 
changeable weights, varying from two to six pounds, and 
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the lower end is provided with a movable weij^ht of 
twelve pounds. The front pendulum is suspended from the 
same pivot, and is also furnished with a movable twelve 


Fig. ()24 



Compound Pendulum. 


pound weight. To the rod of the front pendulum is pivoted 
an offset bar, provided at one end with annular frame con- 
taining a transparent glass disk and having at the opposite 
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end an adjustable counterbalance weight. The glass disk is 
provided with a small central aperture, in which is inserted 
a fine needle. To the offset bar, half way between its con- 
nection with the pendulum rod and the needle, is pivoted 
a rod which is pivotally ccjnncctcd with the horizontal arm 
of the rear pendulum. 

The offset bar is made of thin spring material, and is 
bent so that the needle presses lightly upon the prepared 
glass held in the recess of the back board. The prepared 
glass plate is retained in the position of use by two spring 
clips pivoted to the back bfiard and arranged to press upon 
diagonally opposite corners of the glass. The needle is held 
away from the glass while starting the pendulum, by means 
of a thread (not shown) attached to the annular frame and 
connected with a fixed support in front of the frame and 
distant about a foot. 

The adjustment of the weights for the different figures 
is ascertained by experiment, and the position of the 
weights is accurately indicated on the pendulum n)ds. Tlie 
apparatus is placed in position on the table, and the lantern 
is adjusted to it. 

The colored collodion for the films is prepared bv thin- 
ning ordinary plain collodion with alcohol diluted with 
water, then adding to it an alcoholic solution of aniline of 
any desired color. 

The glass plate is prepared for use bv flowing the col- 
lodion over it and allowing it to dry. If the film proves too 
hard and tough, it may be modified by adding a small 
quantity of water to the collodion. This film gives a uni- 
form tint on the screen, and is dense enough to clearly 
show the lines of the tracing. 

After the tracing point has been drawn back in the man- 
ner described, and the prepared glass plate is in place, the 
pendulums are drawn aside and the rear one is released. At 
a certain phase of its vibration (which will be determined 
by experiment) the front pendulum is released. If the 
needle describes the desired curve, the annular frame is 
released, when the needle traces the figure which appears 
uj)on the screen. 
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LANTERN PANTOGRAPHS. 

For the production of off-hand tracin‘,^s ft)r illustrations, 
especially durin£f the projection of a scries of e.xperiments or 
pictures, nothin}^ can excel a pantograph adapted to the 
lantern. Two forms are here shown, both of which pro- 
duce figures on the prepared glass without exhibiting the 
arm b}' ivhich the work is done. 

The instrument shown in Fig. 625 is. ])erhaps, hardly de- 
serving of the name given to it as it is not strictly tlesigned 
for accurate copying, on account of distortion, but it may 
be used in copying when a true figure is not important. It 
is designed rather for tracing upon the prepared glass while 
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Sinifilc Tracer lor the Lantern 

the operator watches the progress of his work as it is pro- 
jected upon the screen. 

The baseboard is provided with a s(|uare central open- 
ing, having around it a ral>bel for receiving the prepaied 
glass. This board is adapted to the lantern, and furnished 
with a pair of small l)uttons for engaging diagonally opj)o- 
sitc corners of the prepared glass and holding it in place. 
The tracing arm consists of a S(]uarc metallic frame, a, con- 
taining a glass plate, and having at one edge an arm carry- 
ing a tracing point, and provided at the op[)osite edge with 
two parallel rods arranged to slide frcel)- through a block, 
b, pivoted to the baseboard. The center of the glass in the 
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frame, a, is perforated to receive a needle, c, which is pressed 
forward toward the prepared glass by a small spiral spring, 
as shown in the sectional view. The needle thus supported 
may be moved around upon the prepared glass in any re- 
quired direction, and it may be readily lifted from the plate 
by pulling the tracing point away from the baseboard. 

By placing a design upon the board, it may be traced 
and reproduced upon the screen, and, if the designs are 
specially made so as to compensate for distortion, correct 
tracings will be produced. 

By means of the pantograph shown in Fig. 626, anything, 
large or small, may be readily and correctly traced. The 
levers are arranged relatively, so as to produce upon the 
prepared glass a tracing one-third of the size of the original. 
With this pantograph, writing, figures, maps, diagrams, 
sketches, etc., can be made with great facility. 

The baseboard of this instrument is necessarily somewhat 
cumbersome, as provision must be made for the supports of 
the pivot of the pantograph, for the prepared glass, and for 
the design to be traced or a sheet of pay^er t)n which to 
mark. The baseboard is adjustable up and down on a 
slotted standard, and the latter is pn^vided with a foot, 
which permits of clamping it to the table. 

The metallic frame, a, which is attached to the arm, b, 
contains a transparent plate of glass, having a central per- 
foration, in '"hich is inserted a stout sewing needle — a small 
carpet needle for example. The bar. is pivoted to one end 
of the short metallic bar, c, and the opposite end of this bar, 
r, is pivoted on a stud projecting from the rock shaft, d, 
which can turn in supports attached to the baseboard. 
Upon the same stud is pivoted a bar. b\ which extends 
parallel with the bar. b, and both these bars are pivotally 
connected with the bar, c' . The lower end of the bar, c\ is 
provided with a tracing point,/, for which a lead pencil 
mav be substituted when an original design is to be made. 
The j)aper on which the design is drawn is attached by 
dniwing tacks to the lower part of the baseboard. The 
rock shaft, d, is provided with a long key, c, which extends 
downward, and is pressed outwardly by a spring underneatn 
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it. The key is prolonged above the rock shaft, where it is 
provided with a screw for limiting the motion of the key and 
shaft. The arrangement of the shaft and key is shown in the 
small detail view. 

The shorter arms of the levers of the .system are 4 inches 


Fu; h2() 



Lrintern 


long, and the longer arms are 12 inches long. That is to say, 
when the bars are at right angles to each other, the distance 
between the bars, i //, is 4 inches, the distance between the 
bars, r c', is 12 inches, the distance from the tracing needle 
at the center of the transparent glass to the pivotal connec- 
tion of the bars, c, is 4 inches, and the length of the bar, c\ 
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from the pivotal connection of the bar, b' , to the tracing point, 
/, is 12 inches. 

The glass plate on which the tracing is made is preferably 
coated with collodion colored with aniline. If this is not 
convenient, the glass may be smoked. 

The needle is prevented from touching the prepared glass 
by pressing upon the key, r, thus slightly twisting the entire 
system. When the point of starting is reached, the key, r, 
is released, when the spring under the key, through the key, 
rock shaft, and bar, c, carries the frame, a, forward, and 
brings the tracing needle into contact with the prepared 
glass, when the tracing begins. When it is desired to inter- 
rupt the line, the kev, r, is again depressed, when the needle 
may be moved to a new position without making a mark. 

TIIE CYCI.OIDOTROPE. 

The novel and vciw pleasing and interesting lantern slide 
shown in the annexed engraving is of English origin. The 
inventor, Mr. A. Pumphery, of Birmingham, England, is en- 
titled to much credit for having produced a simple device 
capable of illustrating on a large scale the intricate opera- 
tion of engine engraving. 

The hgurcs shown in the smaller engraving (Fig. 628) 
were phoro-engiaved directlv from plates traced in the ap- 
paratus. Thev show some of the simpler forms of curves. 
By changing the adjustment of the tracing needle or the 
arms which support and guide it. an infinite variety of 
figures may be ]>roduced. 

The ring, which revolves on the plate, is recessed around 
its inner edge, and lined with soft rubber for the receptum 
of the glass disk, upon which the tracing is to be made. The 
glass is held in place by the pressure of two springs carry- 
ing rollers which bear upon the face of the glass at diame- 
trically opposite points. 

The face of the ring has a toothed rim. which is engaged 
by a small pinion on the crank shaft, and the periphery of 
the ring is provided with 202 spur teeth, which engage a 
pinion having 33 teeth and turning on a stud projecting from 
the base plate. 
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The Cycloidotrope. 
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The spur pinion carries an adjustable crank, the pin of 
which turns in the crank arm, and is apertured transversely 
to receive the tracing rod, which may be clamped therein 
by the thumb screw. 

The tracing rod passes through a stud arranged to turn 
in the end of the movable arm pivoted to the base plate. 
The tracing »*od is hollow, and upon the end which projects 
over the toothed ring it carries a curved spring, provided at 


Fig. 628. 



Tracings produced by the Cycloidoirope. 


its extremity with a steel tracing point. A wire passing 
through the hollow tracing rod engages the under side of 
the curved spring, and lifts the point from the glass. 

The glass is prepared for tracing by smoking it over a 
candle, lamp, or gas jet, or, better, by eoating it with col- 
lodion, to which some aniline has been added to give it the 
desired tint. 

The glass having been secured in place in the toothed 
ring in the manner described, the tracing point is let down 
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upon the glass by drawing out the wire in the hollow tracing 
rod. The toothed ring is then rotated by means of the crank, 
when a cvcloidal curve will be traced t)n the glass. By con- 
tinued rotation the curves will be dui)licated ; and as the 
number of teeth in the peripher}' of the ring is not an exact 
multiple of the number of teeth in the jnnion, the ring will, 
by the differential movement, continually fall behind the 
niovements of the pinion and tracer carried by the crank on 
the pinion, so that a small space is left between the lines of 
successive series. By continuing the operation the lines 
will intersect, until tinallv a beautiful, symmetrical network 
of lines will be formed. 

By clamping the tracing n)d in the crank pin, an approxi- 
mately true cycloid curve will be formed ; and by clamping 
the tracing rod in the stud projecting from the adjustable 
arm, and allowing the crank pin to slide on the rod, curves 
of another kind will be formed. Moving the arm on its 
pivot makes another change, and the figure is still further 
modified by changing the working field of the point from 
one edge of the glass disk to the other. 

To render the tracing still more intricate, opposite sides 
of the glass disk may be coated witli collodion differcntlv 
colored. For example, red may be used upon one side and 
blue on the other. The color of the ground when projected 
on the screen will then be purple. When the tracing is done 
on the blue side, red lines will ajificar on a purple ground ; 
and when the tracing is made on the red side, blue lines will 
appear on the purple ground; and where the tracings tif 
opposite sides of the glass cross each other, the lines will, of 
course, be white. 

Besides the remarkable effects secured by the use of two 
colors, the thickness of the glass which intervenes between 
the two tracings pnxluccs a curious optical illusion on the 
screen. The tracing last made, if in focus, appears to stand 
out several inches from the screen, and seems to float in 
the air. Another interesting optical illusion is noticed 
when, after rather rapid rotation, the disk is stopped. By 
the bias of the optic nerve the figures appear for a moment 
to turn backward. 
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The disks traced in this apj)aratus produce striking 
effects when used in a chromatrope in place of the ordinary 
painted disks. 

rUOJE* TIUX OF rm.ADXl’s FKjURES. 

For this purpose the vertical attachment is required. 


Fin. 629. 



Chladni's Fij^unb 

There are three methods of projecting these tigures. Ac- 
cording to one method, the glass plate upon which the said 

Fk.. 630 



Formation of Sand Fi>rures. 


tigures are formed is clamped in such a positiim as to allow 
one corner to project into the field t)f the lantern. Fine sand 
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is sprinkled evenly over the plate and a violin bow is drawn 
over its edge. Damping the plate by the application of the 
fingers at one or more points, various symmetrical figures 
may be formed ; the sand leaving the venters or places of 
greatest vibration and piling up at the nodes or places of 
least vibration, as in Fig. 629. This figure shows a glass 
plate mounted on a stud projecting from the center of a thick 
glass base plate. With this apparatus the figures are formed 
outside of the lantern and then projected like any other 
object. 

In Fig. 630 is represented a device by which the figures are 
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Sand Figures. 


formed in the lantern and ]>r(>jectcd entire. The apparatus 
is similar to that shown in Fig. 629. Several small holes are 
made in the plate along the edge to receive a hook attached 
to a strong smooth cord. The cord is held in the manner 
indicated and rubbed with resined fingers. This produces 
vibrations sufficient for the production of several of the 
figures. The figures shown in Fig. 631 are produced by 
means of the bow in the usual way, the bow being ap- 
plied at b, and the finger at a. The black dots indicate the 
points of support of the plates. 
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CHAPTER V. 

MECHANICAL O P E K A T I O N S. 

HINTS ON GLASS BLOWINTJ. 

There are few mechanical operations requiring a higher 
degree of manipulative skill than that of glass blov» ing. A 
peculiar sensitiveness of touch and quickness of tight are 
essential. In many instances whatever is done must ac- 


Fig, *32. 



Bending a Glass Tube. 


complished almost instantaneously. There is no time for 
deliberation. The operator must know exactly what to do, 
and then, when the conditions are favorable, he must do it 
quickly and with certainty. 

More can be learned by watching an expert glass blower 
for a half hour than can be acquired by reading the litera- 
ture of the subject or by days of practice. However, when 
the principal points are gained, practice will in time lead to 
proficiency. 

The bending, perforating, and welding of tubes, the for- 
mation of bulbs, tees, funnels, and jets, are among the simple 
operations of glass blowing, with which every worker in 
physics or chemistry should acquaint himself. 
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Very few tools and appliances are needed. The most 
important requisites are a ^as blowpipe capable of producing 
brush and pointed flames, a bellows for supplying air to the 
blowpipe, some pieces of charcoal or carbon having I'vra 
midal ends, corks oi different sizes, and a sharp triangulai 
file. A stock of glass tubes of various sizes will be needed. 


Fu'.. t 
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Wt'ldiniT a Tube. 


These should be jnircliased at one place and time, if ])ossible. 
to insure uniformity in quality. Soft German glass is the 
most satisfactory. 

A small tube is divided into lengths by first nicking it 
with llie file, then gras{)ing it in botli hands, ])l;icing the 
thumb nail against the glass opposite the nick, and then 
breaking the tube bv such a movement as would be required 


Fig 634. 


'J'ubc (of IV)rnriing a Hulb. 


to bend the tube at the nick, if the material were flexible, at 
the same time ladling (in the tube in opposite directions. 
The tube breaks off squarely. 

A tid)c of large diameter is divided by .scratching it with 
a file, then cracking it by applying to the scratch a small 
point of hot glass, or by means of a hot wire curved to partly 
encircle the tube. 
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A small tube is bent by beatinju: it in a brush flame, as in 
^3-' ‘111 ordinary jjas flame, then curvinj^ it as de- 

sired. One end of the tube should be corked before it is 
heated. If it is made to<» hot, or heated unevenly, it will be 
impossible to give it a true curve. 

If the tube becomes flattened in bending, or if the curv'e 
is not true, it may be carefully Fk. 635. 

reheated at defective jtoints, and 
corrected by bending or by blow- 
ing into it. Tubes are welded by 
first flaring them as shown in 
Fig. 633, by introducing the pyr- 
amidal end of the charcoal or 
carbon into the hot end <jf the 
tube and turning it, or by turning Forming a Bulb, 

the tube on the charccxd with a pressure strong enough to 
give the end of the tube the desired form. The flared ends 
of the two tubes to be welded are heated simultaneously in 
the brush flame and joined while quite solt. A jtointed 
blowpipe flame is used to give the joint the desired form. 
The joint is made true by constantly turning the tube. 

A bulb is formed on a tube bv first heating it and draw- 
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Prrfor.idng a Tube. 


ing it out as shown in 1 * if?. 6 4. then heating a short length 
of the tube within tapered end and thickening it by pressing 
upon the er.vis of the tube. Then another short length is 
heated and thickened in the same way, and so on until 
enough material has been accumulated to form a bulb of the 
required size and thickness. The tube mu.st be continually 
turned during these operations to cause it to heat evenly^ 
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and if it tends to collapse, it should be blown. The mass of 
jjlass is now heated evenly throujjhout and blown until the 
bulb is of the required size, the rotati(m of the tube being 


Fig. 637. 
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continually maintained to jireveni the bulb irom briu<r dis 
torted by its own weight. 

The blowing shoidd be accomplished by n.eans of a 
series of short puffs, rather than by one long blast. 

Fig. 637(1. tube ma\- be perforated by stopping 

^ the ends so as to inclose a body of air, 

I then warming it gradually to prevent 

breaking, finally directing a pointed blow- 
pipe flame upon it where the perforation 
is desired. The expansion of the air con- 
tained in the tube will push out the 
softened glass and make the perforation. 
When a tube is thick and of very small 
diameter, the expansion of the contained 
air is insufficient for this purpose, and 
blowing is resorted to. 

Tees are made by perforating the lube 
as shown at 1, in Fig. 637, then welding on 
the branch as r.t 2, finally heating the joint so as ti give it 
the form shown at 3, blowing into it occasionally if necessary 
to give it the required form. The ends of the branches of 
nrr *;iTinnthod and rounded bv heatinjr them in the 
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Sealinff in a Wire, 
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brush flame until they bej^in to fuse. To prevent breakings, 
the glass should be allow ed to cool slow ly, while protected 
from draughts of air. 

To seal a platinum ware in aglass tul)e. the glass is heated 
by means of a pointed flame, at the same time the end of a 
platinum wire is brought into contact with tlie heated part. 
The wire welds to the glass, and when pulled away forms in 
the glass a small tubulated aperture into which the wire is 
inserted (Fig. When the glass around the wire is 

heated, it becomes welded to the wire, thus forming a per- 
fectly sealed joint. When a ])articularly good job is 


Fig. 63S. 



Ciulinc Glass Bottles. 


dOw red, some easily melted enamel may be fused on the 
glato around the wire.* 


c TTTIXG (IL-KSS nOTTLKS AM) TUBES. 

It often happens that a jar for a batterv or for experi- 
mental uses isrcquiicd when it is inconvenient to obtain it 
from the dealer. Fig. 63S shows a simple wav ot cutting off 
glass bottles so that they may be used for jars. Themeth«>d 
consists in marking one side of the bottle at the point where 
it is desired to begin cutting, and applying to the bottle a 
hot curved wire, at the same time giving the bottle a recip- 

* For full information on ihiH kind ol glass Uowing the reader is referred to 
^*Thc Methods ol (Bass Blowing,*' by \V, A Shenstonc. 
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rocating rotary motion. Soon a era 'k appears at the file- 
mark, and liy slightly turning the bottle the enuk may be 
made to follow the wire around the entire eireumlerenee, 
making a smooth, elean eut. li the crack siiould not .start 
promptly, the glass may be coolcil bv blowing upon it, or by 
the application of a drop of water, which i^ pretty certain to 
start it in the right direction. Large glass tubes may be 
cut bv the same method. 

HOW ro ir.KiMiRA TE i:i..\ss. 

To make a small hoL ina plate of glass is a comparatively 
simple matter. .Ml that i,-- reipiireil to do it is a very hanl, 
sharp drill, sinne means for turning it. and a lubricant, such 



SuftCDiiiK me Shank of a Drill. 


as turpentine, for causing the drill to cut rapidly. A drill 
made in the usual form from steel wire and hardened by 
heating it until it is dark red and then plunging it in mer- 
cury, will be very hard, but not tough. Before the drill is 
heated it should be driven into a block of lead so that its 
point will just be incloserl by the lead, and after the drill 
has been hardened in the mercury its prnnt should be inserted 
in the indentation in the lead, as shown in Fig. 639, and the 
temper of the shank of the drill should be drawn over a 
lamp or gas flame to a blue. The lead prevents the drill 
point from becoming heated sufficiently to draw the tem- 
per, by conducting the heat away as fast as it arrives at the 
point. When the shank of the drill becomes blue to within 
a short distance of the lead, the drill, together with the lead, 
hp olunc-ed into cool water. Another very good 
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way of hardening a drill for perforating^ glass is to heat the 
drill to a dark red, then })lunge it into a strong solution of 
zinc chloride. This is prepared by dissolving zinc in muri- 
atic acid. Zinc should be gradually added until the action 
ceases. 

The drill prepared in this way should be wet with tur- 
pentine or tur])entine and camphor while in use, to cause it 
to “ take hold.” It is advisable to drill from opposite sides 
of the glass whenever this is possible. The hole may be 


Lif'.. f) 40 . 



PerforntiriR- Gl.iss. 


enlarged by mean.; of a sharp round tile wet with turpen- 
tine. When larger holes are required, these cannot con- 
veniently be made with a drill. A copper or brass tube 
charged with emery and water or emery and turpentine, 
and rotated in contact with the glass, will soon cut a hole a 
little larger than the tube. 

Simple ways of guiding and revolving the tube arc 
shown in Fig. 640. The glass to be drilled, which may be 
the plate of an electrical machine, for e.xample, is placed 
upon a table with a few thicknesses of paper underneath its 
center. Two blocks are placed on the table at diametri- 
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callv opposite edijes of the disk, and a thick bar of wood, 
which is bored at the center to receive the coj)j)er or brass 
tube, is placed upon the blocks aiul clamped iinnly to the 
table. The glass plate is arranged st» that its a.\is coincides 
with that of the hole in the bar. The plate is then clamped 
in place by gentlv inserting two wooden wedges between 
the wooden bar and the glass. 

The tube bv which the cutting is done is stopped by a 
wooden plug at the middle of its length, and in the upper 
part is ijiserted a .soft rubber stopper which rests upon the 
wooden plug, also a piece ot heavy rubber tubing which 
rests upon the stopper. In the rubl)er tidie is inserted one 
end of a close-titting metal shank, the other end of which is 
fitted to an oiflinarv drill stock. I his arrangement pro- 
vides for a certain amount of flexibility in the connection 
between the tube and the drill stock. The tube is revolved 
bv the gearing of the drill stock while it is supplied with a 
mixture of Xo. 4 cmerv and water or emerv and turpentine. 
The pressure on the <iriil stock should be light, and the 
tube mu''t be lifted frecjuently t(» allow a fresh supply of 
emerv to reach the ■'urfac e being < nt. I'his device makes a 
hf)le in the glass in a ^liort time. 

If a larger aperture i'' desired, the glass is lirst drilled in 
tliC manner descriljed. and enlarged i>y careful cutting with 
a diamond. 


1.1 Xs MAKiNo. 

1 o make an otfiin.u v lens requires a eertain degree of 
manipulative skill, but u hen (.onqiarc d with a line job of 
filing, fitting, or e\en turning, it is e.isv, and there is a 
charm about making a nicely polished lens which is not 
found in metal working. I he tyro should commence with 
small piano aiul double conve.v lenses, which he may mount 
singly or in pairs. After attaining a fair proficiency in mak- 
ing these he mav proceed to larger work, and afterwarrl bv 
coupling stmly w ith irracticc- he will be able to make fine 
work, such as the achromatic objectives of microscopes and 
telescopes, eye-j.>ieces, lantern objectives, etc. 

‘ In tiu; wav of the i>reparalion 
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nf tools for lens <rrinflinjr is to make ^au'^cs or patterns with 
which to gauf^e the convexity of the f^rindin^- t(Jols. These 
may bo made from pieces of sheet brass about one thirty- 
second inch in thickness, the plates ior _irau<^es for convex 
tools facing chucked on a ))Iane board secured to the face 
plate of the lathe, and the circular aperture turned out. 
The plate should be beveled each wav from the apert\ire, 
forming a knife edge, and it should be sef)arated by a saw 
into two or four parts, according to the size )f the lenses to 
be ground, as shown at i. Fig. 641 The ratlins of the cir- 
cle so formed will be approximatelv the focus of a double 
convex (jf this curvature, and the diameter oi the circle is 
approximately the focus ol a plano-convex lens of the same 
curvature. 

Gauires tor concave tools or concave lenses are made bv 
turning tlisks of brass with V-sha])ed edges, as shown at 
2, and an instrument for shaping small concave grind- 
ing toots is shown at 3. It consists of a sharpened steel 
ilisk attached to or formed upon the end of a bar, and 
used as a scraper ft)r giving the final shape to the concave 
• rinding tools. 

For grinding convex lenses it is well to have two con- 
cave tools like that at 4. This, as well as other grinding tools 
for smalt work, should be made ot brass. Drawn brass is 
j)refcrable, as it is usually better metal, aiul more homo- 
geneous than castings, aiul needs no external turning. 

Having determined on the focus of the lens to be 
ground, the brass is chucked in the lathe, and hollowed out 
as nearlv to the correct form as possible, the gauge shown 
i»i 2 being used from time to time to determine when the 
proper concavity is reached. The grinding tool is finally 
scraped with the cutter. 3. I he counterpart of the con- 
cave tool at 5 is now turned as nearly to the gauge shown 
at 1 as possible, and is finally ground into the concave tool 
with washed flour emery and water. 

A tool like that shown at (> is necessary for finishing 
small lenses. It consists of a cylindrical piece of brass hav- 
ing a chamber turned in the ciul lor the reception of a mix- 
ture of pure hard beeswax and fine rouge. This mixture 
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should contain sufficient rouge to make it rather hard, but 
not so hard as not to yield under strong pressure. 

The glass for small lenses may be clipped from bits of 


Fig. O41- 
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ground on a common grindstone until it approximates the 
required shape. It is then ground with fine emery and 
water in one of the concave brass tools until a truly spher- 
ical surface is secured. It is then transferred to the other 
brass tool, and ground with fine washed flour emery until 
the surface is fine and entirely free from scratches. During 
the grinding as well as [(olishing, the stick to which the 
glass is cemented must be turned axiallv, and at the same 
time its outer end must be moved about the prolongation 
of the axis of thegrinding tf)ol so as to present the glass to 
every jiortion of the grinding tool as nearly as possible. 

The final polish is secured by pressing the smoothed 
glass into the wax in the end of the tfiol shown at 6 as the 
tool is revolved, and at the same time applving fine rouge 
and water from time to time. \\’lien the polish is nearly 
perfect, the tool shiiuld be allowed to work nearly drv. 

For a plano-convex lens the jilane surtace oi the plate 
glass will answer very well for the plane surface of the lens 
and the glass will be ground down as shown at 8. If the 
lens is to be double convex, the finished spherical surface 
should be cemented to the end of the stick, and the opposite 
side proceeded with as before described. There are two 
methods of finishing the edges of plano-convex lenses : first, 
bv holding the plane surface in a concave tool charged with 
emery and water until the edge is beveled to the required 
degree ; and second, bv chucking the lens on the end of a 
spindle projecting from the lathe mandrel, and centering 
it while the pitch or cement which holds it is still warm. 
Then a piece of brass, which is concaved to conform nearly 
to the periphery of the lens, is charged with emery and 
water. This tool is held against the edge of the lens after 
the manner of turning. The lens will soon assume a per- 
fcctly circular shai)c, and may be readily reduced to any 
desired size. 

In making concave Icn.ses the convex tools will be used, 
and the final fit\ish will be given by a piece cd’ silk cemented 
to the tool with pitch and charged with rouge and water. 

For grinding larger lenses of longer focus an attachment 
like that shown in Fig. 642 will be required. It consists of 
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a wooden box supported bva curveLl arm inserted in the tool 
rest support. A vertical journal box ])asses throuj^h the 
bi>Ttom of the box. and contains a shalt havini;^ upon its 
upper end a socket lor receiving' the i^rinding' tool, and on 
the lower end a ii;n)oved wheel surrounded by a rubber fric- 
tion band, which is revolved bv ca.ntact with the face plate 
of the lathe. Fite speed of the 'v'ea-l r-'lcoivelv to that of the 



Aitachmeiit fnr Foot Lathes, 

lathe may be varied hy rai',iii,4 <»r l>)\veriu,L; the shaft by rais- 
ing or lowering tlic box .>u[)p(jrt in the tool ])ost. 

Tlie glass to be groun<l is cementefl to tlie face of a 
flanged casting as shown at 9, and i> lield down to the grind- 
ing tool by the lever attached to the box. I'lie tool for large 
work may be made of cast iron. The center of the lens 
should be eccentric to tlie center of the grinding tool, so that 
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the lens will be rev(»lved on the lace of the to(jl. The point 
jjrojectiiif^' from the lever enters a small cavity in the center 
of the castinj^, to which the lens is attached, and insures an 
e(]ual distribution of pressure over the entire surface of 
die lens. 

(irindin”' and finishinj^^ a lar;.:^e lens is substantially the 
same as in the case of the smaller ones, the onlv difference 
beiner in the method of i^ivint^’ the final jiolish. In the case 
of a larj^e lens, after the tine f^rindinir, the tool is heated, 
covered with a thin coatinij of pitch, and a piece of thin 
brijadcloth is ])rcssed down on the pitch. This broadcloth 
surface is charti^ed with tine rouice and water, and the lens is 
jiressed down on it with consideralile force as the tool is re- 
volved. The cloth shouUl be worked rather drv, and so 
mucli so at the end of the process as to offer considerable 
resistance to the rotation of the tool. 

sIMl’LK I'RO Kss 01 i:XiiRAVIN(, (H.A.SS AN]) MKTA! >. 

There arc very many applications for an inexpensive and 
effectual method of etchins^ or enyi io inef j.,dass in various 
forms, plain and jilated metals, enameled surfaces, potterv. 
elc. Of all existiiiiT processes lor acc ■mjilishini;’ tliis work, 
the saiul blast is undoubtedly capable of the most universal 
ap{>lication. In point of eliecti\ eness and in i^encral use- 
fulness it may never be surpassed, or t'ven equaled : yet a 
substitute for it, even thoueh imapable of as extended 
ajiplicalion. will find uses in the art'', ami will doubtless be 
appreciated by amateurs. 

Such a process is illustratevl by Tii^s. 643 and 644. The 
revpiisites for carryinef out the ])roeess in its simplest form 
are: A pound of eoarse emery, a pound of lead shot, a 
wooden box 10 or 12 inches lony; pt eis^ar box will answer 
for the experiment), some pieees of glass or metal, and some 
l)aper patterns or stencils. The box is provided with a clip 
at the back and a sliiling clamp at the front for holding the 
j)late to be engraved, and it may with ailvantage be fur- 
nished with a clamping device of the same sort at the upper 
end. The lid of the box must be provided with a packing 
strip of thick cloth or felt, to prevent the Itvss of emery. 
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Simple Method of Engraving Glass and Metals. 
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The glass or metal to be engraved is cleaned thoroughly, 
and to secure the best effects it should be polished. A 
paper stencil of the desired form is fastened to the glass or 
metal plate by means of mucilage of good quality. The 
pattern should be made of thick writing paper, and care 


Fk.. 644. 



Example's of I’n^r.iving — Shot niagnitk'd, sliowing Emory embedded. 


should be taken to see that every part of the paper is 
tlioroughly attached to the plate. Any gum around the 
edges of the paper should he removed by means of a moiA 
sponge. The exposed parts of the plate must be perfectly 
clean and free from streaks, otherwise there will be unde- 
sirable markings on the finished work. 
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When metal plates are to be enj^raveil. tliev should be 
well polishetl betore applviny^ the stencil, to secure good 
contrasts. For coarse stencils aiul rough work, the shot 
shoukl be large and the enierv coarse, but tor tine work 
inoderatelv tine shot and tuier einerv are required. 

Alter the plates to be engraved are [)laced in the box, 
the shot and t!ie emery are poured in. the box is closed 
and the lid tastened. when the box is shaken violently end- 
wise, causing tlie shot and emery to strike the plates at 
opposite ends of the box in alternation. The .shot, in the 
o[)eration of driving rlie particles of emery against the 
plates, become charged witli panicles of emer\ , as .'hown 
in Fig. 644. 

The emery becomes so emix'dded in the shot as to 
be jiermanent. .ind a mimt)er ol .shot thus arnu'd. together 
with loose emerv, soon abr.ule the Mirtace of the metal 
or glass wherever it is unprotected by the jiaper, and 
produce a tine matted surtace, wldcli contrasts strongly 
with the jMilished parts ot the surlace protected by the 
j>apcr. After rougluming the unprotected parts of tlie 
plate, the juiper stencil is soaked otf and the plate is 
dried, aiul in case it metal, it i^ lacciuered. 

.Svmmetricai stencil", which answer a verv good pur- 
pose, mav l)e made b\ cutting paper folded in various 
wavs. Lace mav be emjtloved a" a stein il, and where only 
slig'hr etching or engraving is recpiired, tlie pattern may 
be produced in varni"h 

To adapt tliis methori to engraving articles having 
curved or irregu.ar suiiaies, tlie box is left open at the 
lower end and ]»ro\ided with a Ilexiljle sleeve of soft rub- 
ber. 

The articles to be engraved are held against the 
sleeve by leather straps. Designs of various kinds may in 
this way be jjcrmanently delineated upon the glass and 
metal ware, and upon small panes of glass for ornamental 
windows, for lamjj shades, etc. Mirrors may be jirovidcd 
around their edges with leaves ami flowers, and metal jian- 
cls may be prejiarerl for various kinds of ornamental metal 
work. 
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laflic that will aiiswtr a ^<»<k 1 jiurposc, ancl which may 
be easily made, i.'' show n in the accom|)an\'inj^ eJi;.rra\ in;.(s. 




S' 



Fi^'. 645 represents in perspective the lathe coni[)lete. ri^*. 
646 is a perspective vic‘\v of the lathe without the table. 
Fi^’. 647 is a vertical lon^itiKlinal section of tlie lathe, show- 
inj;* the inaniu'r of securinj^; the head and tail stvH'ks to 
the bars which fonn the bed. 
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In makings this lathe one pattern only will be required for 
the two standards of the head stock, and the support of the 
ends of the bars. The lower part of the tail stock is made 
in two parts, so that they may be clamped tijjhtly together 
on the rods by means of the bolt passing through both parts, 
and provided with a nut having a lever handle. The rest 
support is also made in two parts, clamped together on the 
rods in a similar wav. 

The patterns may be easily ^awed from i| inch pine. 
The holes that receive the round bars shouUl be chambered 
t() receive Babbitt metal, used in making the tit around the 
rods forming the lathe bed, around the head and tail s^midles, 
and around the shank of thetool rest. The smallest diameter 
of the ludes that receive tlie roinul bars should be a little 
less than that ol the bar>, sothat the sc‘\eral pieces that are 
placed on the bars inav be fitted to hold them in place while 
the Babbitt metal is poured in. 

I'he (limensions of the lathe are as follows; 

Length of round b.tr'' lonning shear'', .24 inches : diameter 
ol liai'", I inch : di'-tance from the upper side of up])er bar to 
center of spindle. ^ inches: between bars, i inch ; between 
standards that support tlu- mandri l. 3.', inches: size of stand- 
aril above shears. {■ i'4. inche'-; diameter ol head and tail 
Spindles,^ inclu-'- ; diameter of pullevs, 5 inches, 3,] inches, 
and 2 inches : width ol base ol standards, 5 inches: height ol 
standards, 7 inches. 

The mandrel should lie enlarged at the face plate end^ 
and tapered at both ends, indicated in tin- engraving. 

The pullevs, which are of hard wood, are made of three 
pieces glued tog-ether, bored, and driven on the mandrel, 
secured by a jiin passing thnnigh the mandrel. The pul- 
ley is turned and grooved to receive a round belt. The rods 
forming the bed may be either cold-rolled iron or round ma- 
chinery steel: they w'.'l reipiire no labor, except perhaj»s 
sijuaring up at the ends. The castingshaving been fitted to 
the bars, and provided with set screws for clamping them, 
the two standards that support the mandrel and the su[>port 
for the opposite end of the bars are put in position, when 
the bars are tnaile truly parallel, a/ul a little clay or putty 
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is placed around each bar and over the annular cavity that 
surrounds it, and is formed into a spout or lip at the upper 
side to facilitate the {)Ouring of Babbitt metal. The metal 
must be cpiite hot when poured, so that it will run sharp 
and fill the cavity. T<j guard against a possible difficulty in 
removing the castings from the bars, the side of the bar 
next the screw is covered with a thin piece of paper. 

The pieces oi the tail stock and tool rest support are 
fitted to the bars by means of Babbitt metal, the metal 
being poured first in one half and then in the other. The 
bolts which clamp the two parts of the rest support and tail 
stock toirether are provided with lever handles. After fit- 
ting the parts to the two bars by means of Babbitt metai, 
the tail spindle, which is threaded for half its length, is 
placed in the tail stock parallel with the bars and Babbitted. 
A binding screw is provided for clamping the tail spindle, 
and the spindle is drilled at one end to receive the center, 
and has at the other end a crank for operating it. 

steel or bronze button is placed in the hole in the 
standard that supports the smaller end of the live spindle, 
and the spindle is supported in its working position and 
Babbitted. 

rhe thix’ad on the spindle should be rather coarse, so 
that wooden or tvpe metal face plates and chucks may be 
used. 

riie table shown in Fig. 647 is simple and inexpensive. 
It consists of two j)airs of crossetl legs halved together and 
secured t«) a plank top. A small rod passes through the 
rear legs near their lower ends, and also through a piece of 
gas pipe placed between the legs. *\. diagonal brace is 
secured to the top near one end, and is fastened to the lower 
end of the rear leg at the other end of the table. 

.\ block is secured to each pair of legs for supporting a 
pair of ordinary grindstone rollers, which form a bearing 
for the balance wheel shaft. This shaft has fi)rmed in it 
two cranks, and it carries an ordinary balance wheel, 
to the side of which is secured by means of hook bolts a 
grooved wooden rim for receiving the driving belt. 

The cranks are connected, by means of hooks of ordi- 
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nary round iron, with a treadh* that is pivoted on the fjas 
pipe at the rear of the table. The stiatt will work toler- 
ably well, even if it is not turned. 






1 he si/c of the different diameters of the drive wheel 
may Vh- found by turninjjj the larf.;er one first and the smaller 

.If I,. v(.'|ii-n tlu‘ nroDcr 



MI.CUANli A I. r^PKJcATlo.Vs. 1 59 

size is reached, l lie wooden rim may be turned off in posi- 
tion by usini; a ])ointed tool. 

The lathe above described, althouj^li very easily made 
and ine.\[jensive, will be f(mnd to serve an excellent {»urpose 
lor all kinds of hand work, drilling, polishing, lens making, 
wood and brass turning ; also bn" use in many experiments 
involving rotary motion. 

I'EMri-.RINA; DRILLS. 

A very simple and effective method of hardening and 
tempering small drills ,V, inch in diameter and under is illus- 

Fh;. 64s 



Tcmitcrintr Small Drills 

trated in Fig. 648. It consists in heating the drill to a cherry 
red. and immediately plunging it into a ball ol beeswax. 
This operation will give the drill the proper temper for all 
ordinary work, and will leave it tough and strong. 

k.ntklina;. 

It is often desirable to knurl or mill the edge of a screw 

Fir. (49 
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lorth under a millfile as shown in Fig. 649. The lower edge 
of the screw head should roll upon hard woi)d. 

WIRE APPARATUS FOR LABORATORY USE. 

Before the year 1351 everything known as wire was 
hammered out by hand, but at that date or thereabout the 
art of wire drawing was invented. Since th.n the art has 
been developed and expanded, so that at the present time 
wire drawing is one ol the leading industries, and we have 
wire of every size and shape made from all of the ductile 
metals, and used in an infinite number of ways. 

Several new as well as some well known forms of i.ibor- 
atory appliances made of wire are shown in Figs. 650,651, 
and 652. The few examj)les of wire apparatus for the labor- 
atory given in the engraving will not only l)e fouiul useful, 
but will prove suggestive of other things equally as good. 
Wire is invaluable lor these and kindred purposes. 

Pieces of apparatus may often be made in the time that 
would be re(|uired to order or send lor them, thus .saving a 
great deal of time, to say nothing ol expense, which is no 
inconsiderable item in matters of this .sort. 

It is perhaps unnecessary to describe fully in detail each 
article represented in t he engraving, .as an ex{)lanation of the 
manipulations recjuired in forming a single j)iece will apj)ly 
to many of the others. 

For most of the apparatus shown, some practically unox- 
idabic wire should be selected, such as brass or tinned iron, 
and the tools for forming these articles of wire consist of a 
pair of cutting pliers, a pair of flat and a pair of round-nf)sed 
pliers, a few cvliijdrical mamlrels ol w<jod or metal, made in 
different sizes, and a small bench vise. Any or all of the 
articles may be made in different sizes and of different sizes 
of wire for different purposes. 

Reference to the individual pieces will be made by num- 
ber without regard to the figure in which they appear. 

No. I shows a pair of hinged tong.s, which are useful for 
handling coals about the furnace, for holding a coal or piece 
of pumicestone for blowpipe work, and for holding large test 
tubes and flasks, when provided with two notched corks, as 
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shown at z and 14. These tongs arc made bv first winding 
the wire of one half around the wire of the other half to form 
the joint, then bending each part at right angles, forming on 
one end of each half a handle, and upon the other end a ring. 
By changing the form of the ring end the tongs are adapted 
to handling crucibles and cupels and other things in a 
muffle. 

No. 3 shows a pair of spring tongs, the construction of 
which will be fully understood without explanation. It may 
be said, however, that the circular spring at the handle end 
is formed by wrapping the wire around any round object 
held in the vise ; the rings at the opposite end are formed in 
the same way. The best way to form gtwid curves in 
the wires is to bend them around in some suitable mandrel 
or form. 

t 

No. 4 shows a spring clamp for holding work to be sol- 
dered or cementetl. It may also he used as a pinch cock. 

No. 5 represents a pair of tweezers, which should be made 
of good spring wire flattened at the ends. 

No. 6 is a clamp for mounting microscoj>c slides and for 
holding small objects to be cemented or soldered. 

No. 7 is a pinch cock for rubber tubing; its normal p(»si- 
tion is closed, as in the engraving, but the end, a, is capable 
of engaging the htop, //, so as to hold the pinch cock open. 

No. 8 shows a clamp or pinch cock having a wire, r, 
hooked into an eye in one side, ami extending through an 
eye formed in the other side. This wire is bent at right 
angles at its outer end to engage a spiral, d, placed on it and 
acting as a screw. The o[)en spiral is readily formed by 
wrapping two wires parallel to each other on the same man- 
drel, and then unscrewing one from the other. The handle 
will of course be formed by aid of jdiers. 

No. 9 is still another form of ’pinch cock. It is provided 
with two thumb pieces, which are pressed when it is desired 
to open the jaws. 

No. 10 is a tripod stand, formed by twisting three wires 
together. This stand is used for supporting various articles, 
such as a sand bath or evaporating dish, over a gas flame. It 
is also useful in supporting charcoal in blowpipe work. 
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No. II shows a stand adjustable as to hcijjht for support- 
ing the beak of a retort, or for holding glass conducting or 
condensing tubes in an inclined posititm. 

The retort or filter stand, represented at I2, is shown 
clearly enough to reciuire no explanation. Should the fric- 
tion of the spiral on the standard ever become so slight as to 
permit the rings to slip down, the spirals may be bent later- 
ally, so as to spring tightly against the standard. 

No. 13 shows an adjustable test tube holder, adapted to 
the standard shown at 12, and capable of being turned on a 
peculiar joint, so as to place the tube in anv desired angle. 
1 he holder consists ol a pair o( spring tongs, having eyes for 
receiving the notched cork, asshown at 14. One arm of the 
tongs is corrugated to retain the clamping ring in anv posi- 
tion along the length ot the tongs. I'he construction of the 
joint by which the totigs are supjxn'ted from the slide on the 
standard is clearly sliown at 13^. It consists of two s])irals, 
g, //, the s[)iral. //, being made larger than the spiral, and 
screwed over it. as shown at 13. This holder is very light, 
strong', and convenient. 

No. 15 represents a holder lor a magnifier, which has a 
joint, similar to the one just described. The slide, X’, 
is formed of a sjiiral bent at right angles and offset t(t ad- 
mit of the two str.iight wires passing each other. This 
holder may be used t<; advantage by engravers and draughts- 
men. 

No. 16 shows a holder for a microscope condenser, the 
difference between this and 15 being that the ring is made 
double to receive an unmounted lens. 

No. 17 shows a Bunsen burner, formed of a common 
burner, having a surnjunding tube made of wire wound in a 
spiral, and drawn apart near the top of the burner to admit 
the air, which mingles with the gas before it is consumed at 
the upper end of the spiral. 

No. 18 represents a connector for electrical wires, which 
explains itself. The part with a double loop may be attached 
to a fixed object by means of a .screw. Another electrical 
connector is shown at 19, one part of which consists of a 
spiral having an eye formctl at each end for receiving the 
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screws which fasten it to its support ; the other part is simply 
a straight wire having an eye at one end. The connection 
is made by inserting the straight end in the spiral. To in- 
crease the friction of the two parts, cither of them may be 
curved more or less. 

A micrtiscope stand is shown at 20. The magnifier is 
supported in the ring, o. The ring, y>. supports the slide, and 
the double ring, q, receives a piece of looking glass or j^olished 
metal, which serves as a reflector. 

No. 21 shows a setot aluminum grain weights in common 
use. The .straight wire is a one-grain weight, the one with 
a single bend is a two-grain weight, the one having two 
bends and forming a triangle is a three-grain weight, and 
so on. 

Nos. 22 and 23 are articles now literally turned out by the 
million. It is a great convenience to have one of these inex- 
pensive little corkscrews in every cork that is drawn occa- 
sionally, thus saving the trouble of freciuently inserting and 
removing the corkscrew. 

The cork puller shown at 24 is old and well know’n, but 
none the less useful for removing corks that liave been 
pushed into the b<»ttle, and for holding a chjth or .sponge for 
cleaning tubes, flasks, etc. 

No. 23 shf)ws a stand for test tubes. The wire is formed 
into series of lof»ps and twiste<i together at /• to form legs. 
A very useful support for flexible tube.s is shown at 26. It 
consists of a wire formed into a lor)p, and having its ends 
bent in opposite directi<ms to form spirals. A rubber tube 
supportetl by this device cannot bend sf) short as to injure it. 

Most of the articles de.scribcd above may be made to the 
best advantage from tinned wire, as it pos.sesses sufficient 
stiffness to spring well, and at the same time is not so stiff as 
to prevent it from being bent into almo.st any desired form. 
Besides this the tin coating protects the wire from c<irrosion 
and gives it a good appearance. 

CORK noRER. 

An effective cork borer can be made by forming a tube of 
tin, allowing the edges to abut, and sharpening the ends of 
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the tube by means of a fine file as shown in Fig. 653. To 
prevent tearing the cork by the interruption of the cutting 
edge at the seam of the tube, the edge is notched at this 
point as shown. 

A wire handle is soldered to the unsharpened end of the 
tube. 


APPARATUS FOR SOLDERING AND MELTING. 

No laboratory is complete without an efficient blow- 
pipe and some means for operating it ; and while it is, as 


Fig. 653. 



Cork Perforator. 


a rule, advisable to purchase apparatus of this class rather 
than make it, a few hints on the construction of a bellows, 
a blowpipe, and a small furnace may not be out of place. 
The bellows and furnace are of the kind devised by Mr. 
Fletcher. 

In the construction of the bellows the following mate- 
rials are required: Two hard wood boards 10 x 11 inches, 
and I inch thick ; one circular board i inch thick and 9 
inches in diameter ; one piece of heavy sheepskin 30 inches 
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long, 7 inches wide at the middle, and tapering to 2 inches 
at the ends ; two disks of elastic rubber, each 1 1 inches in 
diameter and inch thick ; one small scoop net ; 3 inches 
of f brass tubing ; three small hinges : a spiral bed spring, 
and two iron strajis. 

The 10 X 11 inch boards arc rounded at the ends, as 
shown at i and 2, Fig. 654, and their square ends are con- 
nected together bv the hinges as shown at 4. A hole is 
made in the lower board near the hinged end and covered 
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Blowpipe Bellows. 


by the valve shown at 3. The valve consists of a soft 
piece of leather, having attached to it two wooden blocks, 
one of which is fastened to the board in position to hold 
the other in the position of use. These blocks are beveled 
so as to give the valve sufficient lift and at the same time 
limit its upward motion. The circular board has a groove 
turned in its edge, and in a hole formed in its edge is in- 
serted the brass tube. A hole is bored into the top of the 
circular board, which communicates with the inner end of 
the brass tube, and a scries of holes are made in the cir- 
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cular board, which also passes through the upper board of 
the bellows. Over these holes is placed a strip of soft, 
close-grained leather, which is secured by nailing at the 
ends. This leather strijj forms the upper valve. 

The bed spring is secured to the upper and lower 
boards, and the bellows is ready to receive its covering, 
riic spring, the hinges, and the valves should be secured 
with great care, as they are inaccessible when the leather 
covering and the rubber disks are in j)lace. The boards 
are closed together, reducing the space between them to 
about 5i inches. They are held in this position in any 
convenient way until the cover is attached. The leather 
covering is glued, and lacked at frequent intervals. The 
leather is carried around the corner and over the hinged 
ends of the boards. .Vn additional piece of leather is glued 
over the hinged end, and a narrow strip of leather is glued 
to the edges of the boards to cover the tacks and the 
edges of the leather covering. The job will be somewhat 
neater if the edges of the boards are rabbeted to receive 
the edge of the covering and the tacks. 

The rubber disks are stretched over the circular board 
and secured by a strong cord tied over the rubber and in 
the groove in the edge of the board. The net is after- 
ward secured in place in the same way. The net should 
be so loose as to allow the rubber, when inflated, to assume 
a hemispherical form, as shown at 5. A cleat is attached by 
screws to the hinged end of the lower board, and a straight 
iron strap is attached to the rounded end of the same 
board. The corresponding end of the upper board is pro- 
vided with an offset iron bar. upon which the foot is placed 
when the bellows is used. The hole closed by the lower 
valve is covered by a piece of fine wire gauze tacked to the 
under surface of the lower board to prevent the entrance 
of lint and dust. 

The blowpipe, which is connected with the brass tube of 
the bellows by means of a nd>ber pipe, is shown in section 
in the upper part ol Fig. 656 It consists of two pipes 
attached to each other and adapted to receive the rubbei 
pipe connections at one end. At the oppt)site end they 
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are arranged concentrically, the aperture of the smaller pipe 
— which receives the air — being reduced 0*05 of an inch. 
The outer and larger pipe, which receives the gas, is pro- 
vided with a sliding nozzle, by means of which the flow of 
gas can be easily controlled. The internal diameter of the 
smaller end of the nozzle is one-quarter inch. These dimen- 
sions are correct only for a blowpipe f(U' small and medium 
work, i. c , for brazing or soldering the average work done 
in the making of physical instruments : for melting two or 
three ounces of gold, silver, brass, and other metals ; and 
for forging and tempering tools and small articles of steel, 
and for glass blowing on a small scale. 

The gas is taken from an ordinary fixture by means of a 
rubber tube, the supplv being regulated entirely by the 
movable nozzle of the blowpipe. The force of the blast 
varies with the manner in which the bellows is operated. 


Fig. 655. 



Grind ins: Borax. 


One of the best supports for articles to be brazed or sol- 
dered is a brick of pumice stone. It heats (piickly, is very 
refractory, it admits of securing the work by tacks or nails 
driven into it. It has the further advantage ()f being in- 
combustible. The work to be brazed or soldered must be 
well fitted, i. t\, there must be a good contact between the 
abutting or overlapping edges, and the contact surfaces must 
be well painted with a cream formed by grinding borax 
with a few drops of water on a slate (Fig. 655). When 
necessary, the work may be held together by an iron 
binding wire. The solder is coated with the borax cream 
before it is applied . to the joint. For mo.st work silver 
solder is preferred, as it is very strong, being both duc- 
tile and malleable. 

The work is heated gradually until the water of crystal- 
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lization is driven from the borax, then the work is heated 
all over until the solder is on the point of melting, when a 
concentrated flame is applied to the joint until the solder 
flows. Care should be taken to use the reducing flame 
rather than the oxidizing flame. Should it be found diffi- 
cult to confine the heat to the work, pieces of pumice stone 
may be j>laced around the part containing the joint, as shown 
in Fig. 656, 

A large number of small articles may be easily and quickly 
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Brazing. 


soldered by placing them on a bed formed of small lumps 
of pumice stone and proceeding from one article to another 
in succession. 

For supporting small work, having a number of joints 
and requiring much fastening, the slabs of asbestos are very 
desirable. For very small wi)rk to be done with the mouth 
blowpipe, the prepared blocks of willow charcoal are used. 

After soldering, the borax may be removed by boiling 
the article in sulphuric acid. 

If the work is of such a character that it is inconvenient 
to clasp or rivet it together, or even to wire it, it may be 
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kept in place upon the coal or pumice stone by means ol 
tacks forced in at points, where they will be effectual in 


Fig. 057. 



Mt'lhoci of Work foi 


holding the work. When tacks arc unavaiiabic, ji.irls may 
be held bv wire loops and stays d'ii;’. ''57'- 

If p.irt of tfie work has beim alread\ 'ionc, and it is d<*. 
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Work incased for soldering. 

sired to unite several jneccs, havinj^ parts which have been 
previrmsly soldered, in close pnr.vimit v, the.se [rarts may be 
held in any position, and at the same time the joints already 
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soldered may be prevented from melting by incasing the 
work in the following manner : 

lake equal parts ot plaster of Paris and fine, sharp sand; 
add a sufficient quantity of water to make a thick batter, 
and imbed the work in it, leaving the entire joint to be sol- 
diered and the adjacent |)arts exposed. Care must be taken 
to not get the plaster into the joint, as that would prevent 
the solder flowing. 

It is difficult to hold all the various parts which are to be 
united so as to apply the j)laster ; tlie parts may be put into 
position one by one. and fastened temporarily by means of 
a drop of wax, which, when the work is incased and the 
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plaster sets, may be readily melted out and the flux and 
solder applied. In every case where it is possible, the flux 
should be well brushed into the joints before placing the 
work on its support. A convenient way of preparing flux 
for small work is to rub a piece of borax about, with a 
few drops of w'ater, on a porcelain slab or common slate, 
as before described, until it appears like paste ; this should 
be applied to the work with a camel's hair pencil. Small 
pieces of solder are dipped into the borax paste and put 
on the joints of the work. A pair of tweezers will be found 
convenient for this. 

When the job is incased as in Fig. 658. it may be placed 
in a common fire until it has nearly attained a red heat. 
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when it will be found that, on applyin;^ the blowpipe, the 
solder will readily flow with little expenditure of time and 
breath. 

A few solders, the metal to which they arc applied, and 
their appropriate fluxes, are tabulated below : 


NAME. 


COMPOSITION. 


Soft, coarse 

So!t^ fine 

Soft, lusible 

Pewterer’s 

Spelter, soft 

Spelter, bard 

Sliver, fine 

Silver, common . . . 

Silver, for brass* and iron 
Silver, more lusible , . . 

Gold, for iS carat gold. . 

Gold, more fusible 

Platinum 


. Tin, 1 ; lead, 2. 

. Tin, 2; lead, i. 

Tin, 2 ; lead, i ;‘bis., i. 

. Tin, 3 ; lead, 4 ; bis., 2. 

. Copper, I ; zinc, i 
. Copper, 2 ; zinc, i. 

. Silver, 66 6 ; copper, 23 *4 : zinc, 10. 

. Silver, 66*6 ; copper, 30 0 ; zinc, 3*4. 

Silver, i ; brass, i 
Silver, i ; brass, i ; zinc, 1 
S Gold, 18 carats fine, 66*6. 

'( Silver, 167 ; copper, 16*7. 

Same as above with a'trace of zinc. 

. . Fine gold. 


.MATERIAL TO BE SOJ.DERF.D. SOLDER. 

Tin SoU, coarse or fine. 

Lead. ... Soft, coarse or fine 

Hrass, copper, iron and zinc . . . Soft, coarse or fine. 

Pewter Fewterer’s or lusible 

Brass Spelter soft. 

Copper and iron Spelter, soft or hard. 

Hrass, copper, iron, steel Anv silver, S 

Gold Gold, S. 

Platinum Fine gold. 


ELUX. 

Resin or zinc, chi. 
Resin. 

Zinc, chi. 

Resin or zinc, chi. 
Boiax. 

Borax. 

’Borax. 

Borax. 

Borax. 


The chloride of zinc solution is j)repared by dissplving 
zinc in muriatic acid to repletion and diluting with an equal 
quantity of water. For iron, a small (juantity of sal-amnu»- 
niac may be added. For large work, where Sj)eltcr is used, 
it is powdered and mixed with juilverizcd borax, the mi.x- 
ture made into a thick paste with water, and apjilied with 
a brush. 

80ft solders are fused with a co[»per( known in the trade 
as a soldering iron) or bhiwpipe after the afiplication of 
the appropriate flu.v. 

While the work is still hot and the siildcr fluid, any .sur- 
plus may be nicely removed with a moist brush. A neat 
joint may be made between closely fitting surfaces by plac- 
ing a piece of tin-foil between the parts, and fusing in a plain 
or blowpipe flame. 
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Just here, perhaps, it is well to notice the action and use 
of the blowpipe and the structure of the blowpipe flame. 

When a jet of air from a blowpipe is directed into a 
gas or alcohol flame, the form of the flame is changed to a 
slender cone, having at two points characteristics which 
differ widely. There is a slender internal pencil, having a 
fine blue color, which is known as the reducing flame, shown 
at a in Fig. 6(3o, and an external flame, b, enveloping the blue 
pencil, having a more indefinite form and a brownish color. 
This is the oxidizing flame. A piece of metal — tin for ex- 
ample — placed at the apex of the outer or oxidizing flame is 
rapidly oxidized, while the same piece placed at the point 
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The Blowpipe Flume. 


of the internal or reducing flame immediately assumes a 
globular form and has the brilliant surface of clean melted 
metal. 

The rationale of this is that at the extremity of the 
oxidizing flame there is intensely heated oxygen in condi- 
tion to unite Avith anything oxidable ; while at or just be- 
yond the inner or reducing cone are unburnt gases having 
a high temperature and a strong affinity for oxygen, and 
consequently any oxide placed at this point will be deprived 
of its oxygen and reduced to a metallic state. 

From this the conclusion will be readily arrived at that 
the proper point in the blowpipe flame to effect the fusion 
of solder is just beyond the apex of the reducing flatne. 
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To produce a uniform continuous jet with the ordinary 
blowpipe is an attainment which, to some, is most difficult. 
It is very easy to state that it is only necessary to cause 
the mouth to maintain the jet at the instant of inspiration, 
but it is quite another thiui; to do it. The blowiiifj, in lijjht 
work, should, lor the most part, be done with the moutli 
alone. It must be made to act the part of a pump or bel- 
lows. receiving its air supply from the lungs, but forcing 
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its c()ntent>i through the f)h)Wpif)e, princi|)ally by the action 
of the tongue. Let the tyro close his lips tightly, and with 
his tongue alone. iiulej>endently of his lungs, force air into 
his mouth until hi> cheeks are distended to their fullest 
extent. 

This done, and all is learned ; for it is now only neces- 
sary to place tlie bhnvj)ipe in the mtjuth and continue the 
action of the tongue, when it will be found th.at a continu- 
ous bla-t may be inaintainetl without difficult v, and the 
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lungs may be used or not at pleasure. Let it not be under- 
stood from the foregoing that the cheeks are to be puffed 
out while blowing. This is not advisable. 

Work th'T is too large to be readily soldered by the 
means already noticed may be <lone in a charcoal or coke 
fire with a blast. Even a common fire of coal or wood may 
often be made to answer the purpose. 

Brazing or hard-soldering of any kind must not be tried 
in a fire, or with coals, or tools which have the least trace of 
soft solder or lead about them. Neither must the brazing 
of work which has been previously soft-soldered be at- 
tempted. A neglect of these cautions insures failure. 

A wash of clay applied to surfaces which are not to be 
joined prevents the flow of solder. 

The vitrified flux may be readily removed by boiling the 
articles for a few moments in dilute sulphuric acid. This is 
best done in a C(jpper vessel. 

CAS I T KNACK. 

The small gas furnace shown in Fig. 661 may be used in 
connection with the l)lowpij)e and bellows alreadv descrihetl 
by arranging the blowpipe on a stand and placing the fur- 
nace upon the pamice stone brick or a fire brick. The 
blowpipe is adjusted to deliver a blast to the opening of the 
furnace. The crucible in which the metal is melted rests 
upon an elevation at the center of the furnace, as shown in 
the scctit)nal view in Fig. 661. The crucible contains besides 
the metal a small quantity of borax for a flux. A brush flame 
is required, and the blowpipe must be carefully adjusted with 
reference to the ttpening of the furnace to secure the best 
results. 

With this furnace and blowpipe two ounces of metal can 
be melted in ten minutes. Its capacity, however, is greater 
than that. After the metal is rendered sufficiently fluid, it 
may be poured into an oiled ingot moidd, shown in Fig. 662, 
thus giving it a form adapted to rolling or hammering, or it 
may be poured into a sand mould, giving it any desired 
form. The crucible is handled by means of the tongs 
shown in Fig. 663. 
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The bod)’ of (he Fletcher furnace is formed of clay treated 
in a peculiar way to render it very liufht and porous.’ It is 
inches in external diameter and 4*4 inches hi^h. Its in- 
ternal diameter at the top is inches, at the bottom 2 '4 
inches. The hole at the side is f inch in diameter. I he 
■cover, which is i.] inches thick and of the same diameter as 

Fu.. ()t)2. 
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the hodv, is concaved on its under snrtaee and provided with 
a s inch central apeitiire. riu- cover and the body are en- 
circled by sheet imn. 

It is not dilhcult to make a Inrnace which will compare 
lavorablv with the orii^inal article. .Any tin or sheet iron 
can ot the ri^lit sj/c mav be nsial as a casiitj:' lor the Inrnace, 
provided it be seamed or riveted together. A (piart wine 







bottle havinj^ a raised bottom serves as a pattern for the in- 
terior of the furnace. 'I'hc iij)per portion of the raised 
bottom is filled in with plaster ol Paris or cement to^ivethe 
crucible support a level top. I'hc material used in the for- 
mation of the furnace is clav of the (juality used in the man- 
ufacture of fire bricks, or even common bricks, moistened 
and mixed with granulated fire brick. The material known 
as “stove fix," used in repairing the lining of stoves, answers 
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very well when inixerl with granulated fire brick or pumice 
stone. 

Tlie can is filled to the depth of an inch with the material. 
'Phe cdiambered bottom of the wine bottle is oiled and filled 
with the material and placed in the can. as shown in Fi<^. 
664. A ;l inch wooden pluif^is inNcrtcd in a hole in the side 
of the can, to be afterward withdrawn to form the blast aper- 
ture. The can is then filled with the clay mixture, which is 
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tamped in tij^htly. The material should not be too wet, and 
it is well to oil the bottle to facilitate its removal. When 
the fillinj4 operation is complete, the bottle is IcKisened and 
withdrawn. 

The cover is formed bv filling; a suitable band with 
the claj' mixture. The furnace is allowed to dry for a day 
or so. 1 he first time the furnace is heated, the temperature 
.should be increased verv sraduallv. 



i8o 


EXPERIMENTAL SCIENCE. 


MAKING MOULDS FOR, AND C.\STING AND FINISHING 
ARTICLES IN THE MORE FUSIBLE ALLOYS. 

Bv the following simple process, with few tools and ma- 
terials, the virtuoso may i cproducc his rare ami curious arti- 
cles, the artist may fix his ideas in enduring metals, and the 
amateur machinist may make smooth, finished castings for 
various parts ('>f his maciiinery. It is not supposed that this 
process will supplant the ordinary means of producing cast- 


Fig. 6()5. 




ings for the trades ; but it will be found useful and conveni- 
ent for amateur and artisan. 

A medallion, a bass-relief, or an article of less artistic de- 
sign may be chosen fora pattern. In any case it must have 
the necessary cjualifications for moulding, namely, a smooth 
water-proof surface ; a sufficient draught to permit it to be 
readily removed from mould ; removable pieces for under- 
cut places; core prints, etc. If the article in hand is one 
which has not all the requisites of a good pattern, a remedy 
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may be found in filling up with wax, or making the mould in 
several pieces. 

To illustrate the method, a medallion is chosen. If there 
are doubts about drawing it from the mould, a thin ribbon 
of wax may be wrapped around its edge. The pattern now 
receives a coating of oil, the greater portion of which is re- 
moved with a pledget of cotton. It is [)laced flatwise on a 
piece of glass or smooth board, previously oiled. Two parts 
of plaster of Paris and one part of powdered pumice stone 
are mixed with water to a creamy consistency, and a small 
quantity of this is poured <jn the pattern, and washed about 
with a camel’s hair pencil until no air bubbles are seen, then 
a little more is poured on, so as to overlap the medal about 
half its diameter. When the plaster begins to set, common 
pins are inserted with the points nearly or quite touching 
the medal. The mould is then built up with the jdaster 
until it is sufficiently strong. 

After this part of the mould bccc^mes hard, it must be 
prepared — while the pattern is still in it — for making the 
counterpart. This is done by first making two slight 
grooves, which arc to locate the channel through which the 
metal is to be poured, and notching the sides in two or more 
places. 

The part of the mould which will come in contact with 
the counterpart is brushed over with powdered soapstone, to 
render it separable. The pattern is oiled and the surplus re- 
moved as before. The plaster is prepared and poured care- 
fullv over the pattern and upper surface of the mould : care 
being taken to get it well into the notches, which form the 
guides for the counterpart. When the plaster begins to set 
the pins may be inserted, and this part of the mould may be 
thickened up until it is stout enough to bear handling. When 
the plaster becomes hard the pins are removed, leaving vents 
which facilitate drying the mould and furnish a means for the 
escape of steam. 

The mould may now be separated, the pattern removed, 
and the channel through which the metal is to be poured 
may be cut in each part of the mould, it being already laid 
out. Six or eight slight grooves for vents are to be cut 
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radially from the impression left by the pattern to the out- 
side of the mould. The mould must 1k' dried thoroujjhly in 
an oven or upon the stove. It is advantajjeous in some 
cases to brush the face of the mould t)vcr with soapstone 
powder, care bcinjr taken not to till the fl ier lines. 

A fine annealed wire is wound about the moidd to hold it 
together. It is then set up in a dish ot sand, which holds it 
upright and obviates any accident which might occur from 
overfilling the mould. 

A bass-relief may be readil v i opied l)v taking an impres- 
sion in precisely the same manner as in the case ol tlic first 
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Wax Pattern. 


part of the medallion mould. If the article to be copied is of 
such a nature that it is inadmissible to copv it in this manner, 
an impression in wax or gutta-percha mu.st be taken and a 
duplicate of the article made in plaster of Paris. After 
getting the impression from the bass-relief, provision for the 
thickness of the metal which is. to make the copy is made in 
the following manner : 

Paraffine and beeswax, in the projiortion of one of the 
former to three of the latter, arc melted together and cast 
into a thin plate, in a platter which has been moistened to 
render the wax easily removable. A board having a level 
surface is prepared, and two strips of wood, having the thick- 
ness of the metal in the casting to be made, are placed near 
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opposite edges of the board, as in the illustration (Fig. 666). 
A roller having an equal diameter throughout, and a length 
which is a little greater than the width of the board, is pro- 
vided. 

The mixture of paraffine and wax (which will be called 
Tvaj-) is warmed slightly (most conveniently in warm water) 
and placed upon the board, which must be wet, and the 
roller, also wet, is rolled over it until it tf)uchcs the strips of 
wood, the wax in conseciuence having been reduced to the 
thickness of these strips. And now while the wax is still 
slightly warm — not warm enough, however, to make it ad- 
hesive — it is carefully worked with the lingers into every 
part of the impression of ihe relief, so that it mav have the 
form of the back ol the desired casting. Shoidd the wax 
stretch so much as to become to<» thin in srmie of the deeper 
|)laces in the mould, it should be l)acked uj) with an addi- 
tional sheet a* that point. No attempt should be made to 
force the wax into the minute depiX'-sions, as some of the 
tine Icaturcs of tin. mould might be injured. The wax mav 
be trimmed with a warmed knife, giving the edge of the 
work the reapiired form. The mould from this jioint out is 
proceeded with in the same manner as in the case of the 
medallion. In the lower part of l ig. 6C6 is shown a longi- 
tudinal section of a mould, showing the jiosition of the 
wax. 

The following allovs arc recommended as suitable for 
casting in the moulds above de.scribed, and usually a num- 
ber of perfect casts may be taken from a single mould : 

An allov consisting of zinc 4 jiarts, tin 3 parts, and bis- 
muth I part is of a light silvery color, with a brilliant crys- 
talline surface. 

Zinc 7 parts, antimony 4 parts, bismuth i part, makes a 
fine light gray metal. 

Antimonv i part, tin 4 parts, makes a beautiful white 
alloy having the appearance of silver. One or two addi- 
tional parts of tin renders the metal more malleable. 

These alloys all run sharp and make fine castings. They 
may be readily melted in a ladle i 1 a common fire, or in 
small (juantities over a Bunsen burner. 
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As to finish, the castings may be left as taken from the 
mould, or they may be lacquered with any of the variously 
colored lacquers. Or a bnmze finish having the true patina 
antiqua may be given thern in the following manner : Take a 
small roll of cotton cloth. inch diameter, J inch in length, 
and wind a copper wire about it with several turns, finally 
twisting it into a handle. Dip this into commercial nitric 
acid and brush over the casting with the projecting end of 
the cotton n>ll. 

It will bo found that the acid (.lissolvcs the copper suffi- 
ciently to dej)osil a film on the surtacc ol the casting. The 
})rominent portions of the casting will be coated with metal- 
lic c<ippcr, while the dej)ressii>ns which arc not rid)l>ed with 
the roll will he coated with a hluisii-green salt. Immediatelv 
after the casting is coated, it should he washed in clean 
water and wq>ed off with a s[>onge, care being taken to not 
disturb the green (.ie})osit in the dej)ressions (tf the casting. 
This treatment j)roduces this effect only on the last men- 
tioited alloy. It a[)plied to the second one, it produces a 
fine dark appearance similar to oxidized silver. .A. further 
improvement may be matle in the castings by warming 
them and brushing them over with a \ erv sliglit coaling 
of wax. 

To preserve the surface ot the crvstalline alloy, it should 
be coated with a very thin film of collodion. 

■MoULDINf^ .VNO < A.STIN(; IX S.VXO. 

To be able to mould small articles in sand and cast them 
in the different metals is often a great camvenience. A little 
practice will enable one t(i do a fair job of plain work. One 
or more flasks made in halves and connected by dowels will 
be required, also .some fine moulding sand, which may be 
obtained from any brass or iron ffmndry. The .sand should 
be new. Old moulding .sand has a disagreeable odor. When 
the moulding sand is procured, it would be well to secure 
a small quantity of parting sand (sand removed from hot 
castings) and some plumbago facing. 

The sand should be moistened sufficiently to cause it to 
cohere, but it must not be too wet. An extemporized mould- 



MECHANICAL OPERATIONS. 185 

ing bench consisting of a shallow partly covered box for con- 
taining the sand is desirable. A follow board is placed upon 
the bench, and the pattern is laid upon it. The lower part 
of the flask — which is known as the nowel — is placed upon 
the board. Sand is now sifted upon the pattern through 
a wire cloth sieve, No. 20 mesh. A depth of only i inch of 
sifted sand is reciuired. The nowel tnav now be filled with 
sand from the box, which is rammed with a small rammer, 

Fio. 667. 



somewhat resemljling a potato masher. The wedge-shaped 
end of the rammer is used f<w compressing the sand at the 
sides and ends of the flask, while the cylindrical end is 
used in the central position. When the nowel is lull of sand 
it is leveled by means of the scraper, then a little loose sand 
is sprinkled on, and tlie other follow board is placed on the 
nowel. When the latter is inverted and the first follow board 
is removed, the sand is removed from around the pattern at 
the parting line, or, if the pattern is made in two parts, the 
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scccmcl half is placed on the first half, and parting; sand is 
sprinkled over the face of the lower half of the mould. Sur- 
plus parting sand is blown away by a blast from the mouth 
or from a hand bellows. The upper part of the llask — called 
the cope — is placed in position on the lower half, ami a ^tjate 
pin is inserted in the sand at a point near the j)attern. I he 
cope is now filled with mouldinii; sand, as in the case of the 
nowel. The ij;ate })in is rappetl on different sides and re- 
moved. The lollow board is jilacetl on the cojic* when the 
latter is lifted from the nowel, and laid 
bottotn side up on the moulding bench. 

Ihe pattern screw, a iFii;. is in- 

serted in the pattern and <,:entlv rapped 
in two dircctitms at rii;ht anirles to each 
other, after which the pattern is care- 
fully lifted from the moul<,l. A uati is 
cut from the nioultl to the point ol the 
ijate pin in the nowel by mean'* of a 
piece ol thin slicet metal bent into 
L' -shape. 

It an extra smooth castiny; is re- 
(piired, the mould should be dusted 
over with the plumbayo facinj^. I his 
is accomplished bv shakiny^ over the 
mould a muslin bay containiny the 
plumbayo. The pattern is replaced to 
smooth the surface and then removed ; Pattern Screw 

the mould is closed and clamped. If '''Aon Wire. (.Lifter 
the object is of some size, the mould 
should be vented. This is done by pierciny the sand 
from the outside of the mould to the jiattern by means 
of the vent wire shown at h, Fiy. 668. 

If duriny the process of mouldiny any particles of sand 
should fall into the mould, they may be taken out by the 
riyht-anyled end oi the lifter, c (Fiy. 668). The opposite 
end of the tool is formed inb) a thin blade known as a 
slick, and used frtr buildiny up broken parts of the mould 
and for smoothiny plane surfaces. 

Zinc or type metal may be melted in an iron ladle in a 




MK( IIANJCAl. ofKKATIONS. 


187 


common fire. Brass or hnmze may be melted in a sand 
crucible in a coal fire having a j^tjod draught. In small quan- 
tities it may be melted in the g^as furnance described else- 
where in this chapter. A little borax should be placed in 
the crucible as a flux. 

MAKINd CARBON RODS AND I’LATES. 

Carbon rods and plates of the finest quality can be made 
economically only by the use of expensive machinery and 


Fig. (j6q. 



Moulding Carbon Plates. 


apparatus, such as pulverizing mills, hvdraulic presses, and 
retorts or ovens; but the amateur, without a great deal of 
trouble, and with very little expense, can make carbon plates 
and rolls which will answer a good purpose. The mate- 
rials required arc coke, wheat flour, molasses or sirup, and 
water. The tools consist of a few moulds, a trowel or its 
equivalent for forcing the carbon mixture into flat moulds, 
tubes to be used as moulds for carbon rods, and ramrods for 
condensing the material in the tubes and forcing it out. and 
an iron mortar or some other device for reducing the coke 
to powder. 
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Clean pieces of coke should be selected for this jnirpose, 
and such as contain no volatile matters are preferred. The 
coke is pulverized and passed tl^rough a fine sieve. It is 
then thoroughly mixed with from 
one-sixth to one-eighth its bulk 
of wheat flour, both being in a 
dry state. The mixture is moist- 
ened with water t^or water with 
a small percentage of molasses 
added) sufficiently to render it 
thoroughly damp throughout, but 
not wet. It should now be al- 
lowed to stand for two or three 
hours in a closed vessel to prevent 
the evaporation of the water. At 
the end of this time the mixture 
may be pressed iiito moulds of 
any desired form, then removed 
from the mcnilds and dried, 
slowly at first, afterward ra})idly, 
in an ordinary oven at a high 
temperature. When the ]>latcs or rods thus formed arc 
thoroughly dried, they arc packed in an iron box, or, if 
they are small, in a crucible, and completely surrounded bv 
coke dust to exclude air and to j)revent the combustion of 
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Discharging the Mould. 

the plates or rods during the carbonizing process. The box 
or crucible must be closed by a non-combustible cover and 
placed in a furnace or range fire in such a way as to cause it 
to be heated gradually to a red heat. After the box be- 
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comes heated to the required degree, it is maintained at that 
temperature for an hour or so, after which it is removed 
from the fire and allowed to cool before being opened. The 
rods or plates are then boiled for a half-htmr in thin sirup 
or in molasses diluted with a little water. They are again 
baked in an ordinary oven and afterward carbonized in the 
manner already described. This latter process of boiling in 
sirup an<l recarbonizing is repeated until the required den- 
sity is secured. 

As .some gases are given off during carbonization, it is 
necessary to leave the box or crucible unsealed to allow 
these gases to escaj)e. 

Fig. 669 shows an inexpensive form of mrtuld for flat 
carbon plates. It consists of two right-angled pieces of 
Fig. 672. wood of the thickness of the 

■ carbon jflate to be made, and 

' a thick plate of sheet iron. 
The iron should be (hied or 
smeared with grease before 
the mould is filled. The car- 
bon and flour mixture is press- 
ed into the mould smoothly, 
the wooden pieces are re- 
Carbonizing Box. moved, and the carbon is left 

on the iron plate to dry. When dry it is easily separated 
from the plate and may be handled without danger of 
breaking. 

Cylindrical carbon rods may be formed in a wooden 
mould, as shown in the background of Fig. 669, and dried in 
a grooved iron plate adapted to receive them, or a brass 
tube may be used as a mould, as shown in Figs. 670 and 
671. To facilitate the filling of the tube, a funnel may be 
formed on or attached to one end. The tube may be filled 
with carbon entirely from the' top, or it may be partly filled 
by forcing its lower end several times down into the carbon 
mixture, finishing the filling at the top. The lower end of 
the tube is placed on an iron plate, and the contents are 
rammed from' time to time during the filling operation. 
When the tube is filled, it is discharged in the manner illus- 
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trated by Fi^. 671, i. r., by pulling it over a fixed rod while 
its discharge end delivers the carbon cylinders to the iron 
plate on which they are to be dried and baked preparatory 
to carbonization. The plate in this case should be oiled to 
prevent the adhesion of the rods. The rod by which the 
contents of the tube are ejected should be t>n a level with the 
top of the iron plate. Fig. 672 shows in section an iron box 
containing plates and rods jiacked ready ior carbonization. 

I.'SEIT L KECIPIIS. 

C I'liii'iits. 

A cemeut for h ath r and soft ritbbrr . — Cut gutta-percha 
shreds in bisiiljiludc ot carbon. It should be aj)plic'd to the 
two })arts to be unilcil, and bclnrc it dries the ])arls should 
be pressed together. Care shoidd be taken to avo'd ap- 
proaching the lire or light with this cement, as the vapor c)f 
the bisulpliide of carbon is very inllammable. 

Ccinait for rubber cloth and leather . — Dissolve pure gum 
rubber in turpentine. Ap[)ly as a varnish, and when tackv 
press the parrs together. 1 he addition ol a small amount of 
gutta-percha rendei s the cement firmer. 

Cement for attachini:; zoood to ass 01 seeuri/ii^- fhwiblc rubber 
to iron or zoood . — Melt together ecpial parts ol yellow pitch 
and gutta-])crcha ; apply warm. The ))arts to which it is 
applied should also be warm. 

The addition to the above f)f shellac in the jiroportion of 
about I of shellac to 2 of the above cement will increase its 
hardness. 

Cement for glass, leather, and ivood . — Soak gelatine in cold 
water overnight. Pour off the water and add 20 per cent, 
of acetic acid, melt carefully over a water bath. Apply with 
a brush. 

Mucilage for labels . — Dextrine dissolved in hot water with 
a small percentage of m(.)lasscs added, forms an excellent 
mucilage. 

Mucilage for attaching labels to glass, metals, or wood . — A 
paste formed of gum tragacanth and water. 
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Insoluble glue for ivood and leather. — Prepare a good quality 
of white glue in the usual way. Add to the glue when pre- 
pared 5 per cent, of bichromate of [)otash, finely powdered ; 
stir it until the bichromate of potash is thonmghly dissolved. 
Articles cemented with this glue should be exposed to the 
light for a few hours to rendc*’ the glue insoluble. The addi- 
tion to the above of a little glycerine or molasses will render 
it flexible. 

Cement for leather. — 16 parts of gutta-percha, 4 of gum 
rubber, 2 of yclhnv pitch, i of shellac, melted together with 
2 parts of linseed oil. 

Cement impervious to bisulphide of earboji. — Best qualitv of 
white glue with 10 j)er cent, of molasses added. 

Cement Jor insulating tapes. — Pure gii.n rubber dissolved 
in turpentine, with the addition of 5 ])er cent, of raw linseed 
oil. 

Another for tapes. — Yellow pitch, <S parts ; beeswax, 2 
parts; fallow, 1 part. 

.\Iuirhead' s eement. — 3 jxtunds Portland cement, 3 jtounds 
of sharj) sand, 4 pounds of blacksmith's ashes, 4 j)Ounds of 
resin. Melt the resin and stir the other ingredients in. 

Blaek eement. — i pound blacksmith’s ashes, i pound 
shaiq) sand, 2 ])ounds of resin. Combine as in the last 
recipe. 

Acid-proof cement. — Melt i part of j)ure rubber in 2 parts 
of linseed oil, add 6 parts of pipe clay. This mixtuic pro- 
duces a plastic cement which softens by heat, but does not 
melt. 

Cement for gutta-percha. — Stockholm tar, i part ; resin, i 
part ; gutta-percha, 3 parts. 

Insulating cement. — Shellac, 5 parts ; resin, 2 parts; Venice 
turpentine, 1 part ; yellow ocher, 3 parts. 

Common sealing wax and jeweler’s cement are verv 
convenient for many uses, 'rbe cement sold for attach- 
ing bicycle tires to the wheels is visctul for making tanks, 
cementing rubber, etc. 
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Varnishes. 

A varnish formed by dissolving orange snellac in 95 per 
cent, alcohol is indispensable in the laboratory. It is use- 
ful for all kinds of electrical work and for finishing wood 
and metal work. It may be readily colored by the addition 
of pigments, such as vermilion for red, Hibernia green for 
green, Prussian blue or ultramarine blue together with flake 
white for blue, and calcined lampblack for black. For 
brown, the red and black may be mixed. For purple, the 
red and blue may be mixed. For yellow, finely powdered 
yellow ocher or chrome yellow may be added. For a dead 
black varnish, for optical and other uses, alcohol, with a 
small percentage of shellac varnish added, mixed with cal- 
cined lampblack, answers an excellent purpose. 

A lacquer fer brass work is made as follows. — 8 ounces of 
stick lac is dissolved in a half gallon of alcohol and the solu- 
tion is filtered. This forms a pale lacquer which dries hard 
and preserves the natural color of brass work. 

Another lacquer for Dissolve 8 ounces of stick lac, 

2 ounces of gum sandarac, 2 ounces annatto, and | ounce of 
dragon’s blood in 3 quarts of alcohol. It should be filtered 
before using. This forms a rich gold-colored lacquer. The 
articles to which these lacquers are applied must be warmed 
slightly before the application and must be kept hot after 
the application until the alcohol evaporates. 

Black varnish for metal work and polarizing mirrors . — Dis- 
solve pure asphaltum in turpentine, add a few drops of 
boiled oil to every pint of the varnish. The black japan 
varnish sold as one of the bicyclists’ supplies for retouching 
the japanned surfaces of bicycles is an excellent black varnish. 



EXPERIMENTAL SCIENCE. 

APPENDIX. 


THE SCIENTIFIC USE OF COMMON THINGS. 

wScientific facts and principles may often be illustrated by 
means of common thins^s, such as may be met with in every- 
day life. Pins, needles, sticks, straws, bullets, bottles, hair 
pins, rubber bands, marbles, are among the things available 
for experimental purposes. Even a hand saw may be pressed 
into the service of scientific illustration. 

The first figure of the engraving illustrate.s* a piece of 
apparatus which is doubtless better known to the school 
boy than the professor. The writer’s attention was first 
called to this instrument by a professor of physics, M'ho con- 
fiscated it from a student and used it in a lecture as an illus- 
tration. It consists of a board into M^hich are driven eight 
common pins, which are allowed to project different lengths, 
thus forming a musical instrument which may be played by 
plucking the heads of the pins. The instrument is tuned by 
driving the pins into the board more or less. In this expe- 
riment it is shown that there exists a certain relation be- 
tween the length of the vibrating pin and the jfftch of the 
sound it produces. In f'ig. 3 is shown a xw lophonc, a musi- 
cal instrument formed of bars of wood of different lengths 
and thicknesses. The particular instrument here illustrated 
was made of a jiiece of a pine box ct)vcr sjilit up in a hap- 
hazard way and tuned by shortening to increase the pitch 
and reducing in thickness or notching at the center to lower 
its pitch. The bars are supported by a loosely twisted 
cord. The sound is produced by striking the bars at their 
mid-length with small mallets. ' 

In Fig. 3 is shown a modification of Savart's wheel, 
which is in reality no wheel at all, but the effects secured 
are substantially the same. 3y drawing the edge of a card 
slowly along the cutting edge of a fine saw, regular taps arc 
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will vary, of course, Avith the rapidity of the moVClilCilt 
the card. 

In Fig. 4 is illustrated an experiment with a paper tube, 
illustrating the closed and open organ pipe. When the end 
of the tube is struck smartly with the palm of the hand, if 
the hand is allowed to remain in contact with the end of the 
tube, the air in the tube will be set in vibration, and a tone 
will be produced which is due to a closed pipe of that 
length. If, however, the hand is instantly removed from 
the tube after the blow, two notes will be heard, one due to 
the closed pipe, the other to the open pipe, and the latter 
will be an octave higher than the first. 

In Fig. 5 is an experiment with a vial, which is made to 
answer as a closed pipe, the length of which is varied by 
pouring in water. By blowing across the mouth of the vial, 
a sound will be produced which varies in pitch with the 
length of the air space above the water. By closing the 
mouth of the vial more or less by the under lip, it is found 
that this also changes the pitch ; the smaller the opening of 
the mouth of the vial, the lower the pitch. 

In Fig. 6 is shown a toy Avhich is interesting on account 
of the great variety of intricate figures it can produce. It 
consists of a disk of black cardboard, having two holes near 
and on opposite sides of the center, an elastic cord inserted 
in these holes, and four paper fasteners or’ bright brass nails 
insei'ted in the disk at four points equally distant from the 
center of the disk and from each other. This toy is used in 
the same manner as the well-known buzz, by twisting the 
cord and drawing upon it, and while the disk revolves, first 
in one direction and then in the other, the cord is made to 
vibrate laterally. Some of the figures which may be pro- 
duced in this way are shown in the engraving. These 
effects are due to persistence of vision. 

In Figs. 7 and 8 is shown, a simple device for illustrating 
centrifugal force. Two bullets split to the center are 
closed together upon the ends of an ordinary hairpin, and 
the latter is suspended by a small rubber band. The band 
is twisted and then allowed to untwist, thus imparting a 
rapid rotary motion to the hairpin, which causes the bullets 
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to fly out by centrifugal force as shown in Fig. 8. The 
momentum acquired by the bullets during the untwisting of 
the rubber band twists the band in the opposite direction, so 
that, when it untwists again, the apparatus will rotate in the 
opposite direction. This operation will continue for a con- 
siderable time. 

In the apparatus shown in Fig. 9 hairpins are again 
pressed into service. One is opened out at a right angle, 
forming a standard ; another is bent up at the ends, forming 
a double hook. The standard is inserted in a baseboard 
provided with a graduated circle. The double hook is sus- 
pended from the standard by a short piece of twisted catgut 
cord, and in the double hook is placed a small knitting needle 
to serve as an index. This forms a hygroscope, which is 
quite sensitive to atmospheric moisture. By substituting a 
filament of silk or a fine hair for the catgut cord, the double 
hook may be used for supporting a straw to sliow electrical 
attraction and repulsion, a stick of sealing wax or a glass 
rod being used to })roduce the electricity. 

The apparatus illustrated by Fig. 10 shows the elasticitv 
of solids. Two pieces of matched stuff ” are mitered to. 
gether, as shown, to form an inclined plane and a guide for 
marbles or lead bullets. A number of marbles arc placed in 
the groove in the horizontal guide and another marble is 
allowed to roll down the inclined plane. The blow thus 
imparted to the last marble of the series is transmitted 
through the entire series to the first, which is thrown for- 
ward. This action is due to the compression of the marbles 
by the blow and their restitution by their own elasticity to 
their original form. When lead bullets are substituted for 
the marbles, the force of the blow is expended in perma- 
nently changing their form. 

NOVEL TOYS. 

The elasticity of torsion and ten.sion, the storage of 
energy, centrifugal force, momentum and friction, are all 
concerned in the movement of the simple toy illustrated 
in Fig. II, and yet, perhaps, not one in a thousand of the 
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people who see the toy realizes the composite nature of 
its action. Barring the well known return ball, nothing 
can be simpler than this toy, which consists of two wooden 
balls of the same diameter connected by a slender elastic 
rubber band attached by staples, as shown in the lower figure. 

To prepare the to}'^ for operation, it is only necessary 
to twist the rubber band by holding one of the balls in 
the hand and rolling the other round in a circular path up- 
on the floor by giving to the hand a gyratory motion. As 

Fig. II. 




Gyrating Halls. 


soon as the band is twisted, the free ball is grasped in the 
hand, then both arc released at once. 

The untwisting of the rubber band causes the balls to 
roll in opposite directions in a circular path, and centrifugal 
force causes the balls to fly outwardly B)- virtue of the 
acquired momentum, the balls continue to rotate after the 
rubber band is untwisted, so that the band is again twisted, 
but in the opposite direction. As soon as the resistance of 
the band overcomes the momentum of the balls, the rotation 
ceases for an instant, when the band again untwisting re- 
volves the balls in the opposite direction, and the operation 
is repeated until the stored energy is exhausted. 
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In Fig. 12 is illustrated another ball in which the center 
of gravity is located near the periphery. The ball, which is 
hollow, is made of paper. To the inner surface of the wall 
of the ball is attached a weight which is secured in place by 
a piece of cloth glued over it. When this ball is thrown 
through the air with a whirling motion, it describes a curve 
like that indicated in dotted lines in the upi)cr part of the 
engraving, so that it is difficult, if not impossible, to catch 
it. When the ball is rolled on a plane surface, it does not 
take a straightforward course, as would be expected from a 


Fig. 12. 



Unbalanced Ball. 


well-balanced ball, but its course is very erratic, as indi- 
cated in dotted lines in the lower part of the figure. 

X NOVEL TOP. 

Although the top has been modified in many different ways 
as to form, material and methods of spinning, the one shown 
in the engraving appears to have novel features which dis- 
tinguish it from any of its predecessors. 

It consists of a cardboard disk, having a series of oblique 
slots symmetrically arranged ; the cardboard being cut en- 
tirely through on one of the longer and two of the shorter 
sides of the parallelogram, the cardboard thus detached being 
turned up at right angles to the plane of the card, to form 
oblique wings or vanes. In the center of the disk a large 
common pin is secured by means of sealing wax, the head of 
the pin being allowed to project about a quarter of an inch 
to form the pivot of the top. 


A NOVEL TOP. 


m 


A common spool is used as a mouthpiece for setting the 
top whirling. The spool is held to the mouth, the pointed 
end of the pin is inserted loosely in the bore of the spool and 
the disk is held up by very light pressure of the finger on the 
pivot. As soon as the disk is blown upon, the finger may be 



An Air- Propelled Top. 


removed from the pivot, when the disk will be revolved rap- 
idly by the impingement of the blast of air on the vanes, at 
the same time the lateral streams of air issuing between the 
spool and the disk create a partial vacuum between the disk 
and spool, and atmospheric pressure exerted on the under 
side of the disk sustains it, so that the top really revolves in 
air and with very little friction. 
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As soon as the blowing ceases the top drops, but it con- 
tinues to revolve on its pivot. It is perhaps needless to say 
that, to secure good results, the surface on which the top 
spins after it drops should be a piece of glass, a glazed plate 
or some other hard, smooth surface suited to this purpose. 

Fig. 13 shows the method of spinning, Fig. 14 the top 
after it is dropi)ed. Fig. 15 is a plan view, and Fig. 16 is a 
diametrical section of a metal top having a wooden spindle 
of the form shown. 

ROD AND RIND EXPERIMENT. 

A curious result of the combination of the force of 


Fig. 17. 



Rod and Ring Experiment. 


gravity and of centrifugal force is illustrated in Fig. 17. 
The experiment here illustrated is very simple, requir- 
ing ff)r its execution only a rubber umbrella ring and a 
small rod or smooth string. The ring is placed over the 
rod and twirled. It keeps up its rotation while slowly 
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descending, and it will persist in maintaining its motion 
when the rod is swung like a pendulum as shown at 2. 
By dexterously turning the rod end for end before the ring 
completes its excursion, the operation will be reversed and 
the ring will again travel downward. When the rod is 
held vertically, as at 4, the best results are secured. A 
smooth string answers a very good purpose when strained 
in the manner shown at 5, i. c., with the upper end of 
the string grasped firmly by the hand while the lower end 
is held to the floor by pressure of the foot. 

This experiment is capable of some modification ; for 
example, a pure rubber tube may be substituted for the 
string, or, with a rod inserted in it, it may be substituted for 
the rod, and a light metal ring may be used instead of the 
rubber ring. 

The explanation of the behavior of the rubber ring will 
be readily understood by reference to 6, from which 
it will be seen that the line of contact between the ring 
and the rod is oblique ; in fact, it corresponds to a portion 
of the spiral described by the ring in its passage down the 
rod. The friction due to the pressure resulting from cen- 
trifugal force prevents the ring from making a direct line 
of descent, while its inclined position compels it to take a 
spiral course down the rod. 

The ring rolls by internal contact with the rod, but, to 
make one revolution on its own axis, it must roll around the 
rod nearly as many times as the diameter of the rod is con- 
tained in the internal diameter of the ring. 

CENTRIFUGAL ACTION OF AIR. 

That air has sufficient weight to enable it when set in 
motion to do work is shown by every whirlwind, by the 
action of the windmill, by the sailing of vessels, and in other 
ways. The grandest example of the centrifugal action of 
air is furnished by some of the movements of the entire 
atmospheric envelope of the earth ; the upward currents at 
and in the vicinity of the equator, the downward movement 
of the air at the poles, and the winds blowing along the 
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earth’s surface from the poles toward the equator are due 
in part at least to centrifugal force. Any body revolving in 
air furnishes a partial illustration of this principle, the de- 
fect in the illustration being the absence of a force to hold 
the same body of air always in contact with the revolving 
body. 

A very simple and effective j)iece of apparatus applied 
to the whirling table for showing the effect of centrifugal 


Fig. i8. 



The “Skeleton Sphere.” 


force on air was described some time since in a foreigu 
scientific journal. The writer has applied this apparatus to 
the scientific top (described on p. 14), in the manner fully 
illustrated by Fig. 20. The construction of the attachment 
is shown in Fig. 18, and Fig. 19 shows the direction of the 
air currents. 

The apparatus consists of a metal tube loosely fitted to 
the stem of the top, and provided at its upper end with a tin 
disk four inches in diameter, with four quadrants of the 
same material attached to the disk and tube below the disk 
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and a similar arrangement of quadrants above the disk, thus 
practically forming a skeleton sphere — if such an expression 

Fig. 19. 




Paper Ring Supported by Air. 
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may be used — of two vertical circular disks intersecting 
each otljer at the axis of rotation, these two disks being 
intersected at the equator by another at right angles to 
the axis. 

The top being in rapid motion, the apparatus is jjlaced 
upon the stem, and being revolved at the same rate as the 
top, it throws out air at the equator which is continually 
replaced by air drawn in at the poles. The direction of the 
air currents is clearly shown by holding a lighted wax taper 
near the apparatus at the poles, and at the equator, as 
shown in Fig. 19, or bv creating a smoke in the vicinity of 
the top. 

A paper ring, i inch or | inch wide, and J inch larger in 
internal diameter than the sphere, is supported by the out- 
rushing air, in a plane nearly coinciding with the equator. 
If displaced and released, it immediately returns to its 
original position. 

AN EXPERIMKXT IX ACOI STICS. 

In the annexed engraving is shown a very simple and 
effective method of indicating visibly the vibrations of a 
reed, tuning hjrk or diaphragm. It is not assumed that it 
can replace any of the existing methods of rendering visible 
indications of sonorous vibrations, but it adds another very 
prettv acoustic experiment to the list of those already 
known. 

In the engraving are shown two forms of apparatus which 
yield practically the same results. In one a reed is clamped 
in a vise at one end and provided at the other end with slip 
of wood attached firmly by a wrapping of thread. To the 
wooden slip is glued an 'ordinary paper pill box, having a 
diameter of about 2 inches and a depth of f inch to i inch. 
In the bottom of the box is made a i inch hole, in which is 
secured the end of a paper tube, i inch in diameter and 
about I inch long. The cover of the box is perforated with 
a inch round hole. If the material of the cover is coarse 
and thick, a larger hole is made and over it is glued a piece 
of fine thin Bristol board, which is perforated with a ^ 
inch round hole. 
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In the box thus mounted is placed a strip of blotting 
paper bent into V-shai)e and rendered non-absorbent at the 
bend by means of melted wax, paraffin or somctMng of a 
similar nature. One end <jf the blotting paper is moistened 
with hydrochloric acid and the other with aqua ammonia. 





Vibrations ShoAii ly Smoke Rings. 


The particles of ammonium chloride which form by the 
combination of the vapors of.amm<3nia and hydrochloric 
acid are so minute as to float in the air like particles of 
smoke. 

When the reed is vibrated, a minute vortex ring is 
formed at each excursion of the box and thrown off in the 
manner illustrated. A reed having a low rate of vibration 
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(say 32 or less per second) is required, and the anq^litude of 
vibration must be small. 

When the box is attached to a tunini^ fork, the action is 
prolonged. It is, of course, necessary to compensate for the 
box on one limb of the fork by a weight on the other. 

In the sectional view is shown a cylindrical box considej-- 
ably larger than those already described. It is divided int(j 
two compartments by a thin rubber diaphragm, and closed 
at the front, with the exception of a inch round aperture. 
Blotting paper, charged with hydrochloric acid and am- 
monia, is placed between the diaphragm and the aper- 
tured front, and sounds are uttered in the short tubes pro- 
jecting from the box. The vibi'ation of the diaphragm 
causes puifs of air to issue from the small aperture at the 
front of the box, carrying the fumes of ammonium chloride, 
which render the vortex rings visible. The sounds uttered 
are necessarily of very low pitch. If the vibrations arc too 
frequent in any of the forms of this experiment, the rings 
merge into each other and the effect is lost. In this appar- 
atus, a mere flutter of the tongue or lips gives good results. 

It is obvious that a burning substance capable of yield- 
ing a good volume of smoke will answer quite as well as 
the ammonium chloride. 

AN EXPERIMENT IN RESONANCE. 

Nearly every one must have heard the cathedral clock 
gong. Some time since it was applied only to fine French 
and English clocks, but at present it is largely used in the 
better class of American clocks. There is, lujwever, a great 
difference in these gongs and in the way in which they are 
mounted, and a corresponding difference in the sounds they 
emit when struck. A gong of uniform temper attached to 
a standard of suitable weight, securely fastened to a sound- 
ing board of sufficient size and thickness, is capable when 
struck of producing a composite sound, strongly resem- 
bling that of a very large, moderately distant musical bell. 
To avoid a harsh, clanging, metallic sound, the hammer 
used in connection with a cathedral gong is provided with 
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a comparatively soft striking face, consisting generally of 
a firm piece of sole leather. If one listens intently to the 
sound of one of these gongs, he will be able with little dif- 
ficulty to detect a few of the many tones Avhich form the 
very complex sound. He can readily distinguish a very 
grave, subdued note, also a sound of high pitch, and a dis- 
cord, but no approximation to the number of sounds pro- 
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An Experiment in Resonance. 


duced by the gong can be made without a resonator which 
will select out the different sounds in succession. An in- 
strument of this kind is show.n in the annexed engraving. 
It consists of an upright tube closed at the bottom, open at 
the top, and furnished with a small lateral tube at the bot- 
tom for receiving a flexible tube for conveying water. In 
the present case the flexible tube is connected with an 
ordinary tin pail having a lateral tube at the bottom. The 
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upright tube is elevated above the level of the table, so that 
its full length may be utilized as a resonator. The cathe 
di al gong used in this experiment was a small one, formed of 
a rod of steel one-eighth inch wide, one-sixteenth inch thick, 
and about thirty inches in length, formed in a spiral of about 
three turns, the outer end being secured to an arm pro- 
jecting upward from a heavy metal cap resting on the top 
of the resonator. The hole in the cap is somewhat smaller 
than the mouth of the resonator. 

The gong being struck at a point near its fixed end by a 
small soft rubber mallet, is set in vibration. As the striking is 
repeated at freciuent intervals, the j)ail containing the water 
is raised, causing the water to fl.)w cjuietly into the resona- 
tor, gradually diminishing the length of the column of air 
contained by the tube. When the length of the air column 
is such as to respond to any particular note, that note is 
re-enforced so as to become })rominent. In this manner 
one note after another is brought out, until the last and 
highest is heard. 

Bv lowering the pail and allowing the water to return to 
it from the resonator, the re-enforced sounds will be heard 
in reversed order. As many as eight tones will be heard 
prominently, while with more care still others will be heard, 
th\is showing the conij)lex character of the sound j)roduced 
by the gong, and showing clearly the reason of the har- 
monious and i)leasing effect which has made them so {)opu- 
lar. 

13 V skillfully using the mouth as a resonator, most of the 
tones may be separated out so as to be readily distinguished 
bv the operator. 

LANTERN SLIDE II.LUSTRATINC SOUND WAVES. 

In demonstrating the theory of sound, it is usual to illus- 
trate the condensations and rarefactions of air which produce 
sound waves by light and dark bands, which give an idea of 
the condition of the air at any instant in which it is trans- 
mitting sonorous vibrations. But these bands do not repre- 
sent the progression of the sound waves. For an illustration 
of this, reference is often made to the concentric undulations 
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produced on the surface of a mill pond by a pebble dropped 
in the water. This depends for its value upon the student 
having noticed the mill pond phenomenon and upon his 
ability to realize that these spreadinfc rings relate only to 
the feature of progression as it would present itself in a sec- 
tion taken through a sound sphere in any plane that would 
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Slide for Illustrating Concentric Waves. 


intersect the center of the sphere at which is located the 
source of sound. 

The mechanical slide shown. in Fig. 23, when projected, 
is capable of producing on the screen a series of concentric 
rings of light and shade, representing the condensations and 
rarefactions of a succession of sound waves, and these waves, 
beginning at the center, constantly enlarge in circumference 
until they disappear at the periphery of the disk. This effect 
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is produced by means of two thin metal disks arranged to 
revolve on the same axis, and each provided with a spiral 
slot extending from center to periphery, the slot of one disk 
being oppositely arranged with respect to that of the other 
disk. One disk is secured to a sleeve which fits on a stud 
supported by a fixed bar extending across the opening of the 
slide. The other disk turns on the sleeve. The sleeve and the 
disk which turns upon it arc each provided with a small pul- 
ley. One of these pulleys is slightly larger in diameter than 
the other, so that when the two disks are projected and 
revolved rapidly in the same direction, one turning at a very 
slightly increased speed causes the points ot intersection of 
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Interference. 


the spiral .slots to move outwardly and thus jjroduee on the 
screen a series of light rings, wliich incrca.se in diameter like 
mill pond waves. To cause the light rings and intervening 
dark rings to blend into each other, the slide is thrown a 
little out of focus. 

To show interference <jf sound waves two images of the 
slide may be projected, one being superj)oscd on the other 
as shown in Fig. 24. This is easily done by arranging at a 
suitable angle in front of the lantern objective a scries of 
glass plates, such as are emphjyed in a glass plate polarizer, 
as in Fig. 25. A portion of the beam is transmitted, forming 
one image on the screen, and a portion is reflected upward 
and intercepted by a mirror which throws it upon the screen, 
forming a second, which may be made to coincide with the 
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first, or it may be made to overlap the first iinaj^c so as to 
produee the interference effect shown in Fif^. 24. in this 
case tlie centers or wave sources are separated more than 
the semi-diameters of the disks, and the interfering^ waves 
approach each other from opposite directions. In Fig. 26 


Fig. 25. 



Arraii{*err.erit for Projcjcting Two Images of the Slide. 


are shown, diagram maticaily, suiierposed wav'e disks with 
centers one wave length apart. The waves' “crests” coin- 
cide, and re -enforcement along a line j miingthe two centers 
is t!ie result. If the centers were a half wave length apart, 
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Rc-enforcement. Beats. 


the “ crests ” would alternate, and one set of waves would 
neutralize the other. 

In Fig. 27 are shown diagrammatically two disks of dif- 
ferent size produced by dividing the beam before it passes 
through the objective, projecting the two parts of the beam 
with objectives of slightly different power. In this case. 
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owing to the difference in the size of the disks, the relative 
velocities of the wave rings differ, so that the waves of one 
series overtake the waves of the other series at a, thus illus- 
trating the phenomenon of beats. 

This apparatus also illustrates that the intensity of sound 
is inversely as the square of the distance from the ear of 
the soui'ce of sound. It is easily shown by actual measure- 
ment on the screen that the sound at a certain distance from 
its source must have four times tlie intensity it would liave 
at double the distance, since the same volume of sound at 
twice the distance must be spread out over four times the 
area. 

The effect of difference in pitch can be illustrated by 
using two lanterns and two slides of slightly different con- 
struction, or two lanterns with objectives of different mag- 
nifying powci', with slitles ol the same construction. These 
could be more easily manipulated than the apparatus by 
which the light beam is divided in the same lantern. Again, 
the effect may be still further varied by using a lightly col- 
ored glass screen over the slide in one or both lanterns. 
These may be of the same color, or of different colors, 
chosen with a view of showing more clearly the interfer- 
ence of the bands. 

It is obvious that the same residts may be secured by the 
use of different apparatus; for example, in one .side of a ro- 
tating disk may be made a semicircular aperture over which 
is placed a disk with equidistant perforations near its peri- 
phery, and this jierforated di.sk may be made to rotate 
slowdy on the rapidly revolving disk by means of suitable 
worm gear carried by the disk and engaged by a worm or 
screw at the center of the slide. 

THE SCIENTIEIC USE OK THE PHONOURAPH. 

The phonograph in its perfected state, although a scien- 
tific triumph and -a model of mechanical and electrical skill, 
is designed for commercial and social purposes rather than 
purely scientific use. Still, it has within itself all the ele- 
ments necessary for several very interesting physical experi- 
ments. These are obviously related to sound or vibratory 
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action, some of-them beingf illustrative of the phenomena of 
the phonograph itself. 

Mr. Edison in the multitude of his cares finds no time to 
develop the purely scientific applications of this most inter- 
esting invention. He has, therefore, delegated this pleas- 
ant task to the writer, who has given the subject considerable 
attention, and has devised a series of phonographic experi- 
ments, some of which are shown in the annexed engrav- 
ings. The one given first seems best calculated to illustrate 
and explain the action oi the phonograph. 

The instrument shown contains all the recent improve- 
ments. The phonographic record is made on a hollow 
cylinder of wax-like material. This cylinder is fitted 
to a cone mounted on the screw shaft, turning on two 
pointed bearings, one of which is fixed, the other being 
supported by a swinging arm, seen at the right hand end of 
the machine in the engraving. This construction permits 
of placing the record cylinders on the cone and removing 
them quickly and without the necessity of making any ad- 
justments. The screw shaft is provided with a loose central 
bearing, which holds it up when the end bearing is swung 
around. 

On a fixed rod arranged parallel with and behind the 
screw shaft is placed a sleeve which carries at one end a 
S[)ring arm preivided with a segment of a nut, which rests 
upon the threaded portion of the screw shaft. To the other 
end of the sleeve is attached a curved arm, which reaches 
over the record cylinder and supports the diaphragm cell. 
The latter is fitted to a socket in the arm, and is arranged 
so that it can be turned in its own plane through a few de- 
grees to bring the recording and reproducing styluses into 
the position of use. An arm projecting from one side of the 
diaphragm cell is used to effect this change of position, and 
an adjusting screw, located - above the arm, is used for 
securing a fine adjustment of the reproducing stylus. The 
enlarged sectional view. Fig. 29, shows the diaphragm cell 
and parts connected therewith, actual size. 

The diaphragm is a glass disk about 1-200 inch in thick- 
ness. This is clamped at the edge between two thin 
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soft rubber riuj^s. To the center of the diaphrajjm is con- 
nected a stud, to which is pivoted one end of the lever, a. 
The opposite end of the lever is forked. One arm of the 
fork carries the reproducing stylus, d, and the other carries 
the recording stylus, c. These styluses are made of sap- 
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Phonograph —Latest Form, with Vibrating Flame Attachment. 


phire, a material which ranks next to the diamond in the 
.scale of hardness. The reproducing stylus is a microscopic 
sphere or knob, perfectly smooth and highly polished. The 
recording styles is cup-shaped upon the end which cuts 
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tlic record cylinder, and is provided with a very keen 
edge. 

The lever, a, is pivoted at or near its center in a stud 
projecting from the weighted lever, d, which is delicately 
hinged to the upper part of the diaphragm cell, its lower 
end being free to move within certain limits. This con- 
struction permits the recording and reproducing styluses to 
follow the surface of the cylinder whether it is perfectly 
true or not. It also allows the recording and reoroducing 

Fn.,. 29 
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apparatus to adapt itself automatically to cylinders of dif- 
ferent diameter. 

It will be seen that the lever, is one of the first order, 
with a movable fulcrum, and that whenever the free end of 
the lever is moved upward by the projections of the record 
cylinder, it tends to lift the weighted lever, d\ but owing to 
the inertia of this weighted lever, it is unable to folhiw all 
the movements of the lever, a. As a consequence the mo- 
tions of the latter in the reproduction of speech are imparted 
to the diaphragm. In making a record, the reverse of this 
occurs, i. e., the rapid motions of the diaphragm are im- 
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parted to the reproducing stylus, which cuts in the record 
cylinder a groove with depressions and elevations, which 
taken together correspond in form to the sinusoidal curve 
which would represent the sound waves by which the 
vibratory movements of the recording mechanism were 
produced. 

The arm carrying the diaphragm cell also supports an 
adjustable turning tool of sapphire, which is arranged to 
turn Oil the cylinder simultaneously with the production of 
the record. This tool is arranged to automatically dis- 
engage itself from the cylinder when the reproducing ap- 
paratus is thrown in place. 

The phonograph cylinder is rotated by a very perfect 
electric motor, regulated by a sensitive governor. To the 
perfect regularity of the motion of this motor much of the 
success of the i)honograph is due, especially in the re[)ro- 
duction of music, where the slightest acceleration or retard- 
ation would reveal itself in changes of both ])itch and time. 

By applying to the phonograph two very simple attach- 
ments, the vibrating flames of Koenig may be jjroduccd by 
the movements of the diaphragm, so that the character of 
the phonographic record may be readily understood. One 
of these attachments consists of two glass tubes inserted in 
a perforated cork, one of the tubes terminating in a slender 
noz/le, the other being connected with a gas supply by a 
flexible rubber tube. The perforated cork is inserted in the 
opening of the mouthpiece, so that gas may flow into the 
diaphragm cell, and out through the small nozzle, at the 
point of which it is ignited, forming a long narrow flame. 
In front of the nozzle is arranged a screen of sufficient height 
and width to hide the flame. 

The other attachment consists of a prism carrying on 
each of its four sides a plane mirror and mounted on a 
spindle having upon its lower end a friction wheel, which 
is revolved by contact with the boss of the pulley on the 
main shaft of the electric motor. The spindle of the mirror 
is journaled in a sleeve supported by an arm connected 
with the pointed rod forming the upper bearing of the 
motor shaft. 




phragm outwardly, thus forcing the gas outward, acceler- 
ating its flow through the nozzle, thereby elongating the 
flame, while every depression of the record allows the dia- 
phragm to move inward by its own elasticity, thus drawing 
the gas inwardly, effecting a retardation of the flow of gas 
through the nozzle, thus causing a sinking of the flame. 
These changes in the length of the flame take place with 
such rapidity that no change in the character of the flame 
is observable with the unaided eye, unless the eyes are 
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quickly turned from side to side, when the vibratory nature 
of the flame will appear; but no satisfactory analysis of the 
flames can be made in this way. They must be viewed in 
the revolving mirror to determine their true form and the 
relaxation of the crests and hollows of the flame waves. 
These flames represent, in a greatly exaggerated form, the 
shape of the projections and deprCvSsions of the phono- 
graphic record. Every vowel produces a characteristic 
series of waves or flames, the images of which arc spread 
out by reflection from the revolving mirror. Musical 
sounds from different instruments yield flames differing 
from those formed by vocal sounds. A song produces a 
rapid succession of flame images, which constantly vary in 
form and size. 

As an aid to the understanding of the phonographic 
record and the action of the })honograph, nothing can excel 
this simple device. 

Among the different motors ap})lied to the phonograph, 
the water motor and the electric motor seem preferable for 
scientific use. 

The electric motor is represented in Fig, 30, removed 
from the case, a part of the j)Iate by whicli it is supported 
being broken away to show the commutator. The field 
magnet, A, is hnaned with four j)olar extremities alternating 
as to polarity, and the armature consists of a ring, B, of the 
Pacinotti type, Avith a laminated core. The armature shaft 
is journaled at the bottom in a step formed in the yoke of 
the field magnet, and at the top on a j>()int, C, supi)ortcd by 
an arm projecting upwaird from the base plate of the instru- 
ment. The ring and the commutator arc divided into 
t went v-f our sections, the connections of which are arranged 
to produce four ]»oles in the armature. The commutator 
brushes are held 90 ' apart by a curved vulcanite bar, D, 
supported by an adjustable arm. The motor is shunt- 
wound, and adapted to a two-ampere current having a pres- 
sure of two volts, ft may be operated by a primary or a 
secondary battery ; the latter is preferred for use in places 
affording facilities for recharging, although the primary 
battery furnished with the instrument is easily mounted, and 
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yields sufficient current for about thirty hours’ use with one 
charge. 

The armature shaft is provided with% pulley, E, which 
drives the governor, F, and with a small pulley arranged 
below the pulley, E, and connected with the pulley, G, on 
the horizontal phonograph shaft by means of a belt whose 
direction is changed by two guide pulleys. 

The governor is shown on an enlarged scale in Fig. 31. It 
is remarkable both for its simplicity and the accuracy with 
which it controls the speed of the motor. On the wooden 
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Phonograph Governor. 


base is mounted the vertical frame of the governor, in which 
is journaled a spindle, having near its lower extremity a 
pulley for receiving the belt from the pulley, E, on the mo- 
tor shaft. To the upper part, and on opposite sides of the 
spindle, are secured two springs which extend downward. 
Their lower ends are secured to the flanged sleeve, a. To 
the iron frame of the governor is secured a brush, i, which 
bears continually on the sleeve, a. The regulating device, 
H, consists of a curved spring supporting the brush, r. 
Above this brush is arranged a spring arm which is made to 
bear upon and change the position of the brush, c, by turn- 
ing the milled nut, </. 
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When the flange on the sleeve, a, touches the brush, c, 
the entire current of the battery flows unimpeded through 
the motor, but when the speed of the governor increases in 
the slightest degree, the balls are thrown outward by cen- 
trifugal force, thus bowing the springs outwardly and lift- 
ing the flanged sleeve, a, from the brush, c, causing the cur- 
rent to flow through a small resistance arranged underneath 
the base of the governor, thus diminishing the current, con- 
sequently preventing any increase of speed in the motor, 
Usuall}’ this sensitive governor keeps uj) an incessant shift- 
ing of the current, giving the armature a succession of little 
impulses whose aggregate and average effect is to maintain 
an almost absolute rotation of the governor and phono- 
graph cylinder connected therewith. 

With a motor having a governor of tliis character it is a 
matter of little consequence whether the battery used is 
constant, provided it has a surplus of power. To utilize the 
phonograph for the purpose of measuring different intervals 
of time, it is not only ncccs.sary to provide means for con- 
trolling the velocity of the record cylinder, but also to have 
a ready means of standardizing the phonograph, and check- 
ing its motion at every rev(jlution, or at least fi'cqucntly, 
and means for producing inq)ressions at minute intervals for 
comparison with the records to be measured. 

All these results arc secured by the apparatus figured in 
Figs. 32, 33 and 34. Fig. 32 shows the general arrangement 
of the phonograph, and Fig. 33 is a plan view', show'ing the 
circuit closer of the phonographic cylinder. In the back- 
ground of Fig. 32 is show'll a pendulum beating .seconds, and 
provided at the bottom with a mercurial contact for closing 
the circuit every time the pendulum swdngs. The phono- 
graph cylinder is surrounded by a vulcanite ring, <■?, at its 
larger end, which carries a metallic bar arranged parallel 
with the axis of the cylinder. T wo contact springs, b, b', 
arranged to press upon the ring, a, are .secured to the phono- 
graph frame, but insulated therefrom. These springs are 
in parallel circuit with the pendulum, and in the conductor 
leading from the pendulum and the springs to the zinc pole 
of the battery is inserted a bell, c. A key, </, is included in a 
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branch circuit parallel with the circuits of the pendulum and 
the springs, so that the circuit may be closed upon the bell 



by the pendulum, the circuit closing springs on the phono- 
graphic cylinder, or the key, and these may be made to act 
simultaneously or at different times. As the phonograph 
cylinder revolves ordinarily at the rate of two revolutions 
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per second, thus closing the circuit of the bell twice each 
second, and as the pendulum closes the circuit once each 
second, it is necessary to cause these two contacts to pro- 
duce but a single stroke upon the bell. If, at every alternate 
revolution of the phonograph cylinder, the circuit is not 
closed simultaneously by the springs, b\ and the pendu- 
lum, and the phonograph evlinder falls behind or gains upon 
the pendulum, it will be indicated by a double stroke of tlie 
bell. Perfect synchronism can be secured by regulating the 
phonograph governor. 

Between the bell, r, and the diaphragm cell of the phono- 
graph is suspended a funnel. To allow the arm of the 
phonograph to move freely, it is connected with the phono- 
graph cell b}’ a flexible tube. In front of the funnel, and at 
the side of the bell, c, is arranged a pair of whistles tuned so 
as to give beats lo, 50, or 100 to the second, so that while 
the bell records the half second, the beats of the whistle will 
make impressions ujion the cylinder representing tenth.s, 
fiftieths or hundredths of a second. To jirevent a prolonged 
sound from the bell, it is damped by stretching over it a 
rubber band. 

Personal equation is determined by means of a key which 
closes the circuit on the bell independently of the phono- 
graph or pendulum, and any of the various known methods 
of determining personal equation may be adapted to the 
phonograph. By employing visible signals, the visual per- 
ception may be tested. In a similar wav, by means of audi- 
ble signals, the activity of the auditory apparatus may be 
ascertained. By suitable appliances the sense of touch can 
also be tested. Other measurements may be made by means 
of a bell or other equivalent device detached from the 
phonograph and connected with the ajiparatus by which the 
circuit is controlled, as, for example, the grating used in 
testing the velocity of a bulle!. 

It is obvious that for very high speeds, as in the case ('f 
a bullet, it is necessary to have two different magnets for 
making the record, one for the start and the other for the 
stop, so that if a bell were used there would be two magnets, 
two armatures, and two bell hammers. It is obvious thc.t 
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most, if not all, of the measurements jR)ssible with the ordi- 
nary chronograph may be carried on in connection with the 
phonograph. The record can 
be easily read so as to inter- 
pret the measurement, by turn- 
ing the phonograph cylinder 
v'^ery slowly. In case of very 
high velocities, it is, of course, 
necessary to run the phono- 
graph as rapidly as possible, 
and to provide a pair of Avhis- 
tles of higher pitch, so that 
the sounds will be perceptible 
when the speed of the phonograph cylinder is reduced tor 
the purpose of reading the record. 

One of the uses to which the phonograph is peculiarly 



Fig. 34- 



Whistles for Producing Beals. 


-adapted is measuring the velocity of sound. F rom the nature 
oi the instrument it is necessary that the sound be propagated 
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in a contined space, and that this space begin and end at the 
mouth piece of the phonograph, to allow of making two dis- 
tinct records on the wax cylinder, one of the sound as it is 
made directly in the mouth piece, the other of the same sound 
after it has traveled through the tube and returned to the 
mouth piece. 

The accessories for this experiment are few and simple. 
The funnel, or auxiliary mouth piece, is in this case connected 


Fir., 



Measuring the Velocity of Sound by the Phonograpli. 


with the phonograph mouth piece by a flexible tube. Fig. 35, 
and the funnel is suspended so as to cause it to maintain a 
fixed position, while the phonograph mouth piece and 
recording stylus traverse the record cylinder. 

A forked tube, terminating in the flaring mouth piece, is 
connected by one of its branches with a long tube which ex- 
tends away from the phonograph and, returning parallel with 
itself, enters the suspended funnel. The other branch of the 
forked tube opens directly into the funnel. The long tube 
is supported at suitable intervals, and in front of the flaring 
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mouth piece is placed a bell, which is damped so as to pro- 
duce only a momentary sound. 

The phonograph is set in operation in the usual way, with 
the record cylinder revolving at a speed of say two revolu- 
tions per second. Now if a sound of sufficiently short dura- 
tion is produced by the bell, the two rcc(jrds made, one by 
the sound entering directly into the phonograph mouth piece, 
the other by the sound traveling thnjugh the long pipe before 
reaching the mouth piece, will be distinct and separable on 
reproducing the record with the cylinder revolving at a 
slower speed, say sixty revolutions per minute. The interval 
between the rcccjrds may be accurately measured in the 
manner previously described. 

In this way, knowing the length of the tube, the velocitv 
of the sound in the tube is readily ascertained. A tube fifty 
feet long will show an interval between the records of one 
twenty-third of a second when the phonograph cylinder 
makes two revolutions per second. This is an appreciable 
interval, but when the speed of the cylinder is reduced one- 
half, the record shows double the interval. The interval 
may, of course, be increased by lengthening the tube, and it 
may be made more apparent by increasing the speed of the 
phonograph cylinder while recording, and greatl}’ reducing 
the speed while reproducing the recen'd. 

The well known experiment in which the interference of 
sound waves produces silence may be readily adapted to the 
phonograph. The double tube is connected by one end with 
the phonograj)h mouth piece, and by the other with an ear 
piece. A record of a continuous musical note being in place 
on the phonograph, and adjusted so as to give a continued 
sound, the length of the adjustable tube is increased until 
the waves in that branch travel through half a wave length 
more than those in the other branch. U nder these conditions 
the waves from the two branches, meeting in opposite phases 
in the ear tube, neutralize each other, and silence, or a close 
approximation to it, is the result. 

In Fig.36 is shown a simple device, by means of which the 
conductivity of gases for sound may be tested. A flexible 
gastighttube is connected by one end with the phonographic 
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diaphragm cell, while the opposite end of the tube is attached 
to an ear piece consisting of a diaphragm cell provided with 
a very thin rubber diaphragm. In the side of the flexible 
tube, at opposite ends, are inserted smaller rubber tubes for 
-changing the gas in the flexible tube. Each of the small tubes 
is provided with a pinch cock for shutting off the gas in the 
-larger tube. 

When the tube is filled with air the sound is conveyed 


Fig. 3 (>- 



Testing the Conductivity of Gases. 


with perceptible diminution. When hydrogen is substituted 
for the air, the sound is diminished so as to be scarcely au- 
dible. Other gases pnjduce different results. 

Many of the experiments in sound commonly performed 
by the vocal organs, in connection with some mechanical de- 
vice, may be carried on to advantage by the aid of the pho- 
nograph. When the mouth is used it is difficult to secure 
continuous or variable sounds without producing puffs of air, 
which are fatal to the experiment, whereas in the case of the 
phonograph these puffs are absent. Take for example the 
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beautiful e.xperiment of the vibrating soap film. It is almost 
impossible to produce continued vibrations by means of the 
vocal organs ; but it is a simple matter to secure uniform re- 
sults when the vibrations are produced by the phonograph. 

To carry out this experiment in connection with the 
phonograph, it is necessary to first produce a record of the 
required sounds. A thistle tube, made in the form shown 
in Fig. 37» is used for holding the soap film. A beam of sun- 


Fjg. 37. 


Fi<;. 38. 



Projection of Vibrating 
Soap Film. 



light, or a parallel beam from an optical lantern, is thrown 
upon the film, and the reflected beam is passed through a 
lens of 6 or 8 inch focus, and received upon a white screen. 
As the phonograph imparts vibrations to the air in the thistle 
tube the soap film is vibrated, and gorgeous color effects in 
various figures are seen upon the screen. 

A similar experiment is illustrated by Fig. 38. This is a 
modification of the opeidoscope. A thin membrane of gold- 
beater’s skin or rubber is stretched over a wooden or metallic 
cell and secured by a winding of threap. To the center of 
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the membrane is cemented a small thin mirror. The lij^htis 
received and reflected, as in the other case. When the mem- 
brane is vibrated, intricate bright figures appear on the 
screen, the figures varying with the ehanieter of the vibration. 

-VN INTKRK.STINC PXP! R1 .\fK\'l'. 

amusing trick can he pertormed with, tlie aid ol two 
wine glasses and a visiting card. Take two claret glasses 

r:r.. V,. 



Gravitation of Liquids. 


of the same size, and fill one with claret quite to the brim 
and the other with water. Cover the gla.ss containing the 
water with the card, invert it and place it upon- the other 
glass, as shown in Fig. 39. After the edges of the two glasses. 



si;kfack tension. 


229 


have been brought opposite one another, the card is slipped 
carefully to one side so as to open a small communication be- 
tween the two glasses ; this done, there immediately begins 
an exchange of the luiuids, and it is observed that the claret 
is Howing in a gentle stream into the upper glass, the water 
descending through the small opening and displacing the 
claret. The claret soon begins to spread out in an even 
body over the water contained in the upper glass. This 
process continues until there is a complete interchange of 
the two li(}uids. Of course, the explanation is simple 
enough. The water, being a heavier licpiid than the claret, 
sinks into the lower glass, and the claret is forced up to fill 
the tlisplaccinent of the water. It flows in a steady, clear- 
cut stream, and the effect as it rises through the water is 
very fine. 

It is remarkable that iii this experiment there is no oi - 
servable intermixture of the li(|uids. The water contained 
in the lower glass after the exj)criment is (luite clear and 
transparent. It is also curious that the water in the upj»er 
ghiss passes the space between the rims of the glasses, and 
enters the lower gla.ss without any leakage whatever. This, 
however, is fully explained bv the surface tension existing 
on the liquid at this point. 

The card used in this experiment is about the thickness 
of an ordinary |)t)stal card. The experiment is easilv per- 
formed. and is worth trying. The upper glass containing 
the water mav bo lifted and carried about while the card is 
attached, without holding it on with the hand, thus illus- 
trating in a well-known way the effect of atmospheric pres- 
sure. 

scKi'ACK 

Tnc existence of surface tension is slu)wn by the follow- 
ing sitnple experiments; tO Two round pencils, made of 
light wood, and not more than '4' inch in diameter, arc placed 
in contact one on the other in a horizontal position. Place 
between the two pencils several drops of pure water, so that 
all of the line of contact is well moistened. In a little time. 


*From tlie German edition ol Expeiii^ental Science.” 
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a quantity of water will adhere to both pencils, which will 
take a concave, curved shape, a cross section of which is 
shown in Fig. 40. The lower pencil, in consequence of the 
tension of the concave surfaces, a and d, on opposite sides of 
the line of contact, will be suspended from the other pencil. 
The adhesion is strong enough to ailniit of moving the pen- 
cils about. (2) Clean a copper ring made of wire about ^'2 
inch in diameter and having a diameter of or 3 inches. 
Lay the ring carefullv upon the surface of very pure 


Fic. 40. 



Example of Surface Tension. 


water, contained in a well-washed glass vessel, as shown in 
Fig, 41. The ring will float in s{)ite of its specific weight. 
Needles, quicksilver globules, thin rings of platinum, etc., 
may also be made to float upon the water. (3) Take a sheet 
of light but not glossy paper, about 5 or 6 inches long and 3 
inches broad, and turn down upon all four sides a margin 
about I inch broad. Then lift up these edges and form a 
box I inch high, as shown in Fig. 42. Place the box upon a 
table, and moisten bv means of a brush all the inner sur- 
face, then pour water in to a depth of i inch. The tension of 
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Floating Ring. 

the surface of the Huid will cause the opposite long sides of 
the box to apj)roach each other, and the little paper box will 
close on itself. (41 Take a cvHndrical cork having a diame- 
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Distortion by Surface Tension. 
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t< r (»1 ^ inch and a Icni^th of * inch, and in the middle of one 
end of ihe cork insert a line iron wire, from 2 to 2^ inches 
in len^ih, j)rovided with a hook, on which is placed a little 
basket to receive the ballast Upon the other end of the 
cork is fastened a frame, which consists of a fine iron wire 
I in^ 3 inches in diameter, and two pieces of the same wire 
are inserted in the cork so as to support the ring perpendicu- 
lar to the axis of the cork and concentric with it. Plunge 
this little instrument in water contained in a vessel of suffici- 
ent depth. If the weight in the vessel is suitable, the cork 
will be held in a vertical position, and only project a short 
distance above the surface of the water. If the whole appa 
ratus be pressed down vertically in the water until the ring 
is submerged, as shown in Fig. 43, the ring will nt)t leave the 
water, being held bv the surface tension of tlie water, but 
will rise a little above the water level, and the water will 
taki* the lorm of a conca\e meniscu-'. l o liberate the ring 
so that it will rise up out ol the water apparently by a free 
impulse, and allow the s\'.tfm to regain its first ])osition of 
lapiilibrium, let tall a drop of ether upon the water. This 
will decrease tlu surfat'e tension, when the buoyanev of the 
cork will lift the ring abo\e the water, Dissolve i| 

ounces of C’iistiU' soap and i:l ounces of crvslalline sugar in 
a (}uarf ot wati’r. In this plunge a s(,\uare bent from smaU 
slendcu* iron w ire, and draw if out again. It will be rilled 
with a thin film of the liquid. Lay upon this film a loop ot 
silk threail, as shown in Fig. 44. It will form an irregular 
outline. It the film be perforated within the silk loop, the 
thread will suddenly l<.rm a complete circle. 

I\ 1 KRI S l lNo OIM ICAI. 11 Ll'SIoNS. 

1 luman visual apparatus has certain (jualities which cannot 
be clas.scd among delects, although iiiuler certain conditions 
they prevent seeing things as they really are. To persistence 
ol vision, or the property of the retinal nerves by which an 
image is rctainetl after the object by which it was formed 
has disapjieared, are due the phenomena here described aiul 
illustrated. 
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Fig. 45. 


A short time since the writer, in search of new optical 
illusions wherewith to amuse if not to instruct a little com- 
pany of scientific persons, found in the store of the well- 
known optician, ^Ir. T. H. McAllister, of this city, an in- 
strument known as the anorthoscope, which was imported 
by him about thirty years ai^^o. AIthouf;h it was a novelty 

then, and probably well known 
to many, it is now rare. In 
fact, perhaps not one in the 
two or three hundred who 
have seen it had ever even 
heard of it. 

The anorthoscope shown 
in Fig. 45 is a modified form of 
tile instrument above referred 
to. and is adapted to e.xperi- 
ments other than those belong- 
ing to the original apparatus. 
This instrument has a stand- 
ard jirovided with a sleeve 
upon which is piv'oted a mov- 
able arm. In the upper end 
of the standard and free end 
of the movable arm are in- 
serted studs upon which are 
placed sleeves, each furnished 
with a pair of collars for clamp- 
ing the paper disk.s — presently 
to be described — also a groov- 
ed jiulley. 

In tlie sleeve in the stand- 
ard is journaled a shaft having 
at one end a crank, and a jiulley of the .same size as that 
above it at the ujijier end of the standard, and upon the other 
end a grooved wheel four times the diameter of the grooved 
pulley at the upper end of the movable arm. The small 
jmlley below is connected with the small pulley above by a 
cros.sed belt, and the large grooved })ulley is connected with 
the smalt pulley above it by a “ straight ” belt. 



The Anorthoscope. 
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Between the collars upon the sleeve driven by the crossed 
belt is placed a black disk havinj; four equidistant radial 
slots, and upon the other sleeve is secured a translucent disk 
bearing an ananiorphosed design which, viewed separately 
from the instrument, bears little resemblance to the object 
it is intended to represent, but when revolved in the anor- 


Fic. 46. Fi(.. 47. 



Slotted Disk. A Produces B. 


thoscopc and viewed through the slots of the black disk, the 
enormous distortion is corrected and five correct images are 
seen. This number of images is accounted for by the four 
revolutions in one direction of the disk carrying the design 
and the single revolution of the disk with radial slots in op- 
posite direction, giving five views of the same object for 

Fig. 48. 



C Produces D. 


every revolution of the radially slotted disk. The designs 
arc distorted only in the directmn of their rotation, the pro- 
portions in the direction of the radii of the disk being nor- 
mal. A face view of the radially slotted disk is given in 

In Fig. 47 the distorted card design shown at A is seen in 
the anorthoscopc as a hand of cards as shown at B. In Fig. 
48 the design, C. produces the wreath, 0,10 the instrument. 
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and in Fig. 49 the distorted flowers, E, produce the wreath, 
F. The distorted image is seen only in narrow successive 
sections, which by the retaining power of the retinal nerves 
are blended into an image which is shortened in the direc- 
tion of rotation to one-fifth its real diiiicnsions, while it is 
multiplied five times. 

There are two methods of laving out the designs for this 
instrument, both based upon the develo{)ment of the original 
picture in a subdivided rtctau^lc. It is obvious that if a 
subdivided square can be p.roduced in the anorthoscope 
from a distorted representation of it. anv figure that can be 
inscribed in such a stiuare can also be produced in <hc same 
way. In Fig. 50 is illustratetl a method of laying out a rect- 
angular parallelogram. A, divided int() thirty-two equal 
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squares, alternate sciuarts of the u[)per two rows being 
shaded. 

To lay out the figure, from the center. C, strike a circle 
bounding the jjcrijdiery (;f the disk, draw a diametrical line, 
and at anv convenient distance from tlie peripheral line lay 
out the rectangular parallelogram, as shown. From the 
center, C, describe an arc, touching the outer angles of tlic 
parallelogram, A : locate a new center, D, below C, on the 
diametrical line, a distance equal to the versed sine of this 
arc. From this center describe circles tangent to the hori- 
zontal lines of the subdivided rectangular parallelogram. 
Lay off on the central circle spaces five times greater than 
and e(iual in number to the longitudinal divisions of the 
jiarallelogram. From a point at the intersection of the dia- 
metrical line with the middle circle of the set thus drawn, 
draw lines intersecting the middle circle at the points set off. 


Fig. 50. Fia. 51 
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These lines radiating from the point, <i, and the eccentric 
series of concentric circles bound spaces which appear as 
squares in the anorthoscope. The lines radiating from the 
point, a, must be increased five times in thickness to secure 
a line of normal width in the instrument. The spaces in the 
distorted figure representing the shaded squares are filled 
up solid with black, the whole forming the figure B, which, 
viewed in the anorthoscope, appears as at A. Any figure 
drawn on the subdivided parallelogram and projected on the 
distorted figure, B, would appear normal in the instrument. 


Fig. 52. 



Rotary Disk for the Lantern. 


When accuracy is immaterial, the figure may be devel- 
oped on circular lines, as sht)wn in Fig. 51, the horizontal 
spaces of the square. A, being developed on the circular 
lines by radial lines which intersect the middle circular line 
at equidistant points separated by spaces, each having five 
times the width of one of the smaller squares. The distorted 
figure, B, vicwetl in the anorthoscope, appears very nearly 
like the outline drawing of the flower in the square, A. In 
this diagram everything is drawn with reference to the cen- 
ter, C. 

Recently the writer has adapted these experiments b) the 
lantern. The distorted pictures, which arc drawn on card- 
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board disks about thirty inches in diameter, are placed on a 
l.irge rotator about twenty-five feet from the lantern, and in 
the lantern slide holder is placed the rotary disk shown in 
Fig. 52, This disk, which is provided with four narrow 
radial slots, is mounted on a small stud projecting from a 
plate of glass held by the frame of the apparatus. The slots 
are extended as nearly as possible to the center of the disk, 
and the segments of the disk are strengthened by triangu- 
lar braces. 

To avoid u-sing a belt, the disk is driven from its peri- 
phery by rubber frictional gearing, as shown. A lantern 
objective of low power is used and the slots are sharply 
focused on the large disk. The disks arc arranged with 

Fig. 53. Fig. 54. Fig. 55. 

ww 

Curious Effects of Rotating’ Disks with Radial Bands. 

their axes in line, and when the revolutions of the smaller 
and larger disks are as one to four, and in opposite direc- 
tions, the effects above described are produced on a scale 
sufficiently extended to be seen by a large number of spec- 
tators. In this experiment the axes of the disks must be in 
line. 

By substituting the disk shown in Fig. 53 for the anor- 
thoscope disk some very curious effects mav be produced. 
When the axes of the disks are in line, the radial bands will 
be apparently multiplied or reduced in number according to 
the relative speeds and the direction of rotation of the disks. 
When the radially slotted disk in the lantern is arranged 
eccentrically with reference to the large disk having radial 
bands, the effect shown in Fig. 54 is produced when both 
disks are rotated in the same direction^ and when they are 
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rotated in opposite directions tlic effect is as shown in I'iij, 
55. These f(.)rms may be ij^reatly modified by movinj; tin 
slotted disk in tlic lantern across the field. 

These curious effects arc due to the crossin<:jof the white 
radial bands b)’ the bands of lij^ht from the lantern and the 
retention of the images of these spots of light throughout 
their entire course, thus giving the appearance of curved 
bands. 

By substituting a disk with radial bands for the anortho- 
scope disk in the instrument shown in Fig. 45, ami swinging 
the movable arm of the instrument over, so as to arrange 
the disks eccentrically with reference to each (»ther, the 
effects last described may be viewed without the use of a 
lantern. 

Ul’TU'AI in.rsioNs ADAPfl'l) m 1111. I.WTl-.K.N. 

.\n interesting illusion produced hv three' coins — prefer- 
ably silver dollars--ci>nsist^ in placing the pie ces in a r<iu 
and removing the center one- from betwe-en tin- othe-rs al 
right angles t<> the line- upon which thev were all originalK 
arrangeel until the eli'-lanee- between the- niove-d coin and 
either of the-t>the-rs is ad’iudge-el to be- equal to the coinbine-d 
eliamefers of the thre e coins, then measuring the distance-. 
It is founel ahno>t without exce-ption that the- o|)e-rator fails 
to move the coin far enough bv its own diameter, or more, 
riiis simple experiment when shown in the- lante rn is much 
more effective than when viewe-d elire-ctlv. I t) adapt it to 
lantern use, a spring slide hoide-r like that shown in I'ig. 56 
is fitted to the lantern front, and beneath t he s[)rings arc- 
placed two plates of thin glass. I’lton the inner glass near 
the upper part of its exjtosed surface are cemented two 
disks of paper five-sixteenths inch in diameter and separated 
a distance ecpial to the diameter of om- of the disks. On the 
inner surface (jf the second gla.ss [)late is cemented a 
third disk like the other two. This is attached to the plate- 
near its I over edge, and the plate is arranged .so as to bring 
the three disks in line, as shown in Fig. 56. 

By arranging the three disks in a row and projecting 
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ihcm on tlic screen and takinj^ the distance across the three, 
at the screen, with a pair of lar^e dividers, the e.xperiment 
is made ready. Now the central disk is moved down in the 
lantern (as in Fig. 57), and of course the image moves up- 
wardly on the screen. Let any spectator say when the 
distance between the moving disk and either of the others 
is equal to the distance taken by the dividers, then apply 


Fig. 56. 



the dividers. It will be found that the best eve will be 
greatly deceived. It is not uncommon to find the best eve 
measurements wrong by a foot or more. 

The probable explanation of this great error in eve 
measurement is that nearly every one has perhaps almost 
unconsciously the expectation of seeing the disks arranged 
on the apiexes of an equilateral triangle, so that what he 
does see in reality is a distance exactly three times as great 
as is required to fulfill his expectations. 

In Fig. 58 is illustrated apjiaratus for exhibiting in a lan- 
tern Professor Thompson’s curious illusion of the concentric 
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riny^s. As is well known, it is nci'cssarv to yivc the rin ;s a 
gyratory motioii like tliat required in rinsiny tuit a |>aii. to 

Fl«. 57 



CeiuraJ Disk Removed from the Others Three Time* its Own Diameter. 

give the rings the appearanee of turning. This is accom- 
plished in the lantern by a movable holder which is sus- 
pended on a pendulum bar pivoted to the center of the 

Fn;. c8. 



Prof. Thompson^ Optical Illusion Adapted to the Lantern. 


holder and to the support. The end <;f the holder which 
receives the slide is apertured and prr)vidcfl with two 
curved springs. The oppf)site end is furnished with a cir- 
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culiii li()U,‘ through which |»^(^jc■ct^ an eccentric nif)unted 
on a stud projeclinj^ troin the su|)p(»rt. IJy turnint^ the 
eecintric l>y means of the attached fiandle, the slide is 
swiinf( around in a circular path and the desired effect is 
profluced on the screen. 

The peculiar whirliiif.^ effect is due partly to irradiation 
and partly to persistence of vision. 

AN AkTIFICJAl. SPECTRUM. 

That the different colors of the spectrum maybe reunited 
so as to produce white light has been knf)wnfor along time, 
but the method of obtaining all the colors of the spectrum 
without the use of any other optical apparatus than the eye 
itself and its faculty of accommodation is recent and not .so 
well known, and is worthy of notice. 

According to Eni^inicriug, it was Mr. Charles E. Benham, 
of Colchester, lingland, wh< was the first to obtain the arti- 
ficial spectrum, of which physicists have, for the last five 
months, sought with more or less success a satisfactory ex- 
j)lanation. Such explanation seems to have been quite 
recentlv furnished bv Mr. Macfarlane Gray. 

The artificial s[)ectrum is obtained by means of a very 
simple device, a teetotum, a top, or any arrangement capable 
of communicating a rotarv nuttion, around an axis at right 
angles with its plane, to a disk of white cardbinird i or 
2 inches in iliameter upon which fractions of concentric 
circumferences have been drawn in black, one of the halves 
of the divk being comiiletelv black, as shown in Fig. 50. .\s 

we show in I-'ig. 50. this disk mav also i)e mounted upon 
Newton’s classical apparatus and the experiment he j»er 
formed in a continuous mannei. Upon giving the disk a 
rotarv motion whose angular velocitv ilepends upon the age, 
visual acuteness, and especiallv the lacultv of accommoda- 
tion of the observer, it will appear to be covcreil with cir- 
cumferences or fractions of concentric circumferences as- 
suming all the colors of the rainbow, verv faint, but some- 
times appearing with a richness of tone that depends both 
upon the illumination of the disk and the spectral richness 
of the light that it receives. ' 
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Mr. Macfarlane Gray explains the phenomenon as follows ; 
Let L (Fig. 59) be the lens formed by the eye, the straight 
lines representing to an exaggerated degree (in order to 
facilitate the explanation) rays of different refrangibility. 
Let us suppose that the violet rays have their focus at V, 
and the red ones at R, and let us place the screen, E, at a 
constant distance from the lens. In t>rder to obtain a sharp 
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Artificial Spectrum. 

1. Disk for obtaining the artificial spectrum, with explanatory diagram* 

2. Method of performing the experiment. 

image of a violet colored object upon a black ground, it is 
necessary to diminish the convexity of the lens, to flatten it, 
so to speak, in order to bring to E the intersection of the 
violet rays occurring at V. Conversely, for the red rays 
the convexity of the lens must be increased in order to bring 
to E the red rays that cross each other at R. 
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White light may be divided into two groups of rays occu- 
pying the extremities of the visible spectrum, the red and 
the violet, and supposing their refrangibility to be uniform, 
they will intersect each other respectively at the foci, R and 
V. The red and violet alone do not give white, but a com- 
bination of their respective grouj)s does, and this suffices for 
the validity of the subsequent reasoning. 

If the reader will please imagine that these rays are red 
and violet trans{)arent screens producing white by their 
superposition, he will see that the screen will appear white 
at B, in the center of the lozenge formed by the ravs. He 
will thus see that white light has not a definite focus like red 
and violet. The image of a white object u\K)n a black 
ground will always extend beyond its real geometrical image 
to a degree ecjual to half the height of the lozenge at B. A 
white point upon a black ground will therefore occupy a 
wider surface upon the screen than a black point would 
occuj)v upon a white ground. This is the well known phe- 
nomenon of irradiation. When the violet is focused uj)On 
the screen, the violet t)bjects are sharply defined without 
anv marginal extension, but if at this instant a white point 
bo substituted therefor, it will apjiear violet at the center 
and as if surrounded bv a red aureola. In Fig. 59 the sur- 
faces marked r are the red marginal rays and those marked 
V are the violet ones. The centi'al lozenge intersected by 
the two groujis is marked b. Here tne light is white, and 
pure white at the center of the section. The network of 
lines may be assimilated to the well known toy soldiers 
mounted upon jointed strips of wood, but here the maneu- 
vering is efTected bv a peculiar physiological action known 
as the faculty of accommodation. It is this faculty that 
alters the convexity of the lens for j)nKhicing upon tlic 
screen an image as perfect as the imperfect lens at its dis- 
posal permits. 

When the top sjtins. the accommodation is effected suc- 
cessively for the light and the black. After the black has 
been before the eve for a time, and this time is about a tenth 
of a second, seeing the rapidity of action of the accommoda- 
tion, the joint of the network will be ;v| E, the focus tif the 
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black. As the disk revolves in a ilireetioi\ contrary to that 
of the hands of a watch, the most peripheric white circnlar 
arcs will form their ima,i:^e with red marj^ins restim^ npon the 
black lines and makinjj them appear red. I'he accommoda- 
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tion acts, Init with much rapidity and energ^y that it ex 
ceeds the mark, .\ftcr a rotation of 45 , new white lines 
appear witli vellow marj^ins coverinjj^ the black lines and 
making^ them appear yellow. After a new rotation of 45’, 
the margins are greenish and the black lines apjjear green. 
.\fter a rotation of 45 , the margins arc blue or yiolet and 
the black lines blue. The various colorations a{)pearing 
upon the disk are due. as a last analysis, to the slowness or the 
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haste of the aecomrnodation in its endeavor to jnit the eye 
in focus at every instant. It is a semi-objective phenom- 
enon. When the velocitv of rotation of the disk is aflapted 
to a j^iven eye ami synchronous with tlie speed of accorn- 
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niodation, the colors are well ilel'ined. but they become 
confused if the top spins too swiltlv, the focusing’ not being 
effected (luickly enough. riie colors which disappear for 
a fatigued eve are still brilliant l\)r a vounger eye. of which 
the accommodation is better. I he apparatus, then, might, 
in a certain measure, let us remark by the way, play the role 
of an “ accommodometer ” by mountii g the disk upon a 
proper siirt of tachometer, the facvdty of accommodation 
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being connected with the appearance t)t the colors, ami, con- 
sequently, with the angular velocity ot the disk. 

The distribution of the colors evidently changes with the 
direction of rotation of the disk, and the exterior edges ol 
the lines are fringed as were the interior edges in the oppo- 
site direction of rotation. Between the black masses and 
the white lines the margins of the white lines are red. Be- 
tween the white masses and the white lines the margins of 
the latter are violet. 

We take the foregoing from La Nature, and subjoin two 
modified forms for the surface of the top, given by Mr. 
Charles E. Wolff, a correspondent of Engineering, who says, 
in a recent number of that publication : 

When the top first appeared, 1 madea:i obvious modifica- 
tion (shown in Fig. 60) to try and obtain a more continuous 
spectrum. This was quite successful, as might be expected. 
The next stej) was tt» fill up the white lines, producing a coii- 
tiniums spiral band of black, as shown in Fig. 61, which 
gives a continuous >pcctriim. 

Now, it we su[)(io>e the colors to be produced by a .sort 
of chromatic irradiation of theuhite lines over the black, 
this latter form should have been a failure, which is not the 
case. 

Instead of a top. any one may try this experiment bv 
making fUagrams like the above on cardboard and using a 
central pin to spin the ^ame like a top. 

The effects in question m;iv be shown upon a screen to 
a large audience. 'I'he markings are painterl on a disk of 
glass, placed in a projecting lantern, and revolved bv;i niulti- 
])lying wheel. A great varietv of effects are j)roducible in 
this wav by int(‘rp(ising colored glasses in the path of the 
beam ot light. Thus, with agreen glass, and in diffuserl ga.s- 
light. the dark marks apj^ear mauve cohmed when suddenlv 
stopped after rapid rotation, or when very slowly rotated, 
but become of a dark blue when the gas is turned off. On 
rotating the disk in the usual way, the lines upon it apj)ear to 
be blue, green and violet. With a blue glass in gaslight , the 
markings on the disk appear to be yellow when suddenly stop- 
ped, but a fine purple without diffused light. The colors 
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/five'll hy the lines at a moderate rate of speed arc red, gray, 
green and bine. With a inomjchnjrnatic red glass, the lines 
appear lo be blue, gray, red and dark red. The appearance 
of blue by red light is remarkable. Mr. Bcnham, the in- 
ventor of the top, thinks that the phenomena of color pre- 
sented by it have nothing to do with the wave theory of light, 
but are purely subjective. It has been suggested that they 
are due to visual fatigue on the part of the observer. 

OPTICAL PROJECTION OF OPAQUE OBJECTS. 

The projection of opaque or solid objects by means of 
the optical lantern affords a way of showing upon the 
screen a large variety of objects in their natural colors, and 
greatly magnified. The form of lantern best adapted to this 
purpose is the simple>t imaginable. 

I'he Works on optical pi'ojection briefly de.scribe differ- 
ent forms of apparatus for thi'> purpose. Frol. A. E. Dol- 
bear in his book describes a megascope, consisting of a plain 
box, with a large lens in front and an oxyhydrogen light 
within. Mr. Lewis Wrigl.i, in his new work on “ ( )ptical 
Fiojei tion, ” ''hows two or three forms of inegascojic : but 
notwithstanding all this the idea is current that opaque pro- 
jection i'' ditfii uh, and sevi ral person'- knowit to the writer 
arc so tlioroughlv convinced of the magnitvtde of the under- 
taking that thev do not make the attempt to jinnect in this 
way. 

In descri!)ing a few ways ol opatjue jnojection. two or 
three points are noticed in the beginning. First, all the 
light attainable is re(|uired ; second, all kinds of work can- 
not be done with one and the same instrument; and third. 
t(j .secure the best effects, suitable shadows are as ncce.s.sarv 
.as strong lights. It is useless to attempt j^rojection i>n a 
large scale with a source of illumination inferior to the cal- 
cium light. F(.>r large objects and a large screen, two large 
burners are es.sential, and the use of three insures a much 
better effect. 

The length of the bo.x inclosing the object and the burn- 
ers is determined by the focal length of the object glass. In 
the instrument illustrated the lens has a focal length of 24 
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inches. The box is nuule 4 indies lonj^er, /. -’S iiu hes, to 

allow of movini; the object, for tlu‘ j>ur|)0''e ot fociisiiii^ tlK‘ 
imai^e on the screen. 

When two oxyhydroiren burners are used, they are ar- 



ranged at one side of the megascope bo.x, at slightly differ- 
ent elevations, and a short distance apart, to. secure soft 
shadows. When three burners are usctl, the third is placed 
at the opposite side of the l)ox. It increases the volume of 


Thj Mc^aMtipc 



l'l;> ijK< 1 1< IN oj- oi'Adt;!-, onjhr/is. 


2^1 

lif’lit and moflilKs the sliadows. II the apertures of the 
huiiK is are llie same, they may all he su[){)liccl with ^as 
from a ''innh- pair of c ylinders, hy nsinj^ branch pipes. The 
burners should be [uished as m ar the object as possible, 
wilhoul brinf^inj^ them into the held <»f the objective. 

In the jtresent case the objective consists of a 6 inch 
double- convex lens, but a ~ or 8 inch wcjulcl be better. The 
lens is mounted in a soft wood rinj^, and suspended over a 
circular aperture in the front of the box. 

b'or the sake of cotivcnience, the box is made to fold, so 
as to occupy a space of iS by 28 inches, by 3 inches thick, 
when notin use. Fij^. C4 shows the cemstruction clearly. 

Fic. 



Mej^ascupe Hox, Showing Pot^ilion of Burnt'rs, 


The top./, is like an ordinary box cover, with tiie exception 
of the central cirauirht bole surrouiulecl \)y a collar. 

To the bottom, i,'. are hini^ecl the eticl. //. sides. / /, and 
the front, k. I'he ca]). ///, is supported over the opcnin^>- in 
the center of the cove r,/, lyv the wctocl screws inserted in 
the corners. The lens. //, is arranjjed to hanj;^ over thelarjre 
oj)enin^ in the end piece, k. In this end piece there is a 
smaller openiiii^ for the insertion of the ,ij;^as tubes. The side 
piece, /, is discxmtimied near the back end of the box, to 
provide an openinj^^ for the insertion and removal of objects. 
This opening is covered with a black curtain, which falls 
over the arm, and jirevents the escape of lijrht. I pon the 
inner surface of the back end of the bt>x is .secured a piece 
of white cardboard for a backj^round. 
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The sectional view, Fit;. 63, best shows the internal ar- 
rangement. 

The object must be inserted in position and moved for- 
ward or backward until it is focused. If dittieulty is expe- 
rienced in holding the objects properly for exhibition, they 
may be placed on a movable support. 

Fruit of all kinds projects well, either whole or tlivided. 

Fu'.. (>4. 



A bunch of California grapes hjrms a fine object. A bou- 
quet of flowers is beautiful. Shells, especially [>olished ones, 
are very pleasing objects. Peacock and other feathers show 
well. Pottery and bronzes, plaster casts, toys of various 
kinds, jjarticularly of the Japanese variety, carvings, em- 
broidery, paintings, engraving.s, j>hotos, the pages of a book, 
are all of interest. Whole machines of a suitable size, and 
parts of machinery, or apparatus of almost any kind, may be 
shown to advantage in this wav. 
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Another way of aecomplishing the same result without 
the use of a box is illustrated in Fig. 65. In this case one 
room serves as a megascope box and another as the rotnn 
in which to place the screen. The same general arrange- 
ment as that already described is observed. In this vase the 
lens is secured <n’er the space between two sliding doors, 
and all escape of light is prevented, excepting, of course. 


Fig. 65. 



Me^^ascopo withoiu Hox. 


that which passes through the lens. The screen is made of 
translucent tracing paper. The lens may be such as is used 
for the examination of paintings or photographs, but the 
kind known as cosmorama lenses, st>ld by the principal 
opticians, are preferable, on account of being about the right 
focus. They arc not expensive, and may be obtained of a 
diameter of six or seven inches. Two or three calcium 
lights are used. The objects may be held in front of a white 
or tinted background, or the background may be omitted. 
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It is absolutely necessary that no stray lig^ht should escape 
into the room in which the image is thrown. Of course, an 

Fig. 66. 



Attachment to LanttTn. 

opa(|ue white screen nuiy be U'^ed in thU arrangement if 
desirable. 

For the projection of tine objects, such as gmns and their 


Fig. 67. 



Wonder Camera. 
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settings, a watch movement, or a fine piece of machinery or 
apparatus, the arrangement shown in F“ig. 66 is effective. A 
plan view of the apparatus is here shown. The objective of 
the lantern is removed and supported at an angle with the 
optical axis as indicated. The lime is pushed forward so as 
to cause the divergent cone of light to cover the object, 
as shown. The light reflected from the object, d, passes 
through the objective to the screen. 

The wire frame. <•, secured to tlie front of the lantern and 
held by the standard, /, is designed to support a thick black 
cloth for sluCting in all light excepting that ]»assing through 
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the objective. Apj)aratus similar tt) this in principle is sold 
by some of the dealers in lanterns. 

The wonder camera, shown in Fig. 67, is an instrument 
having a marvelous amount of power, considering the source 
of liglit, which is simple a single Argand kerosene burner. 

rhe lamp flame is in one focus of the ellipsoidal reflector 
and the picture or object to be shown is j)laeed at the other 
focus, on the swinging adjustable holder. Opposite the 
holder in a perforation in the reflector is placed the object- 
ive, by which the image is projected on a screen three or 
four feet distant. The small j>lan view shows the shape of 
the mirror and the course of the light. 7 'he linings of the 
oox around the lamp and focus of the reflector are removed 
m the picture to show the interior. These linings are made 
of asbestos, to withstand the heat. This instrument will pro- 
ject coins, shells, flowers, pictures, etc., very satisfactorily. 
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A SIMPLE CENERATOR Ei^R AI'ETVLENK GAS. 

Every user of the projecting^ lantern has tinu* and again 
felt the need of a practical illuminant \vhich could be used 
whenever required without trouble or expense. A kerosene 
lamp in its best form is only an aggravation. The incandes- 
cent gas burner is little better. I'he calcium light seems to 
be more generallv useful than any other, excepting, of course, 
the light of the arc lamp, but a current suitable lor an arc 
lamp is not always available. 

.\cetvlene gas is convenient, iiu'xpensive, and when used 
with ordinarv precaution, is safe, .\lthough it is interior to 
the calcium light in illumin.it ing power, it is vastly supijrior 
to either kerosene or coal gas. A foot burner gives a light 
of 24 candle power. As ga^' tlame is tiansparent, three or 
tour burners can be arranged in a row. one behind the other, 
as shown in the engraving. I'he recent burnei' is a great 
improvement over tiiosc tormerly used lor this gas. 

The engravings represent a very simple and inexpensive 
wet generator designed lor lurnishing three ^ loot burners 
with gas for i.V to 2 liours, or the average duration ol a 
lantern exhibition, or three 1 foot burners tor one-half the 
time. 

The generator is a modilication ol the L)''«bereiner lanq). 
In a l4-(}uart galvanized iron jiail i'. placed a hollow gal- 
vanized iron cylinder, 6 inches in diameter and IS inches high, 
with the lower end notched for the free passage of water, as 
shown in the sectional view, several of the points being sol- 
dered to the pail bottom, so that the cylinder is concentric 
with the sides of the pail. In this hollow cylinderis secured 
a conical sieve of coarse galvanized iron wire cloth or net- 
ting, the periphery of the sieve being inches from the top 
of the cylinder, the apex of the cone being 2 ^ inches from 
the top. To the fixed hollow cylinder is loosely fitted a deep 
cover, which is provided with an airtight top, having a tube 
inserted in the center thereof, which is of an inch outside 
diameter, to receive the rubber tube. The lower end of the 
cover reaches to a point just above the edges of the fixed 
cylinder, and in the cover is formed a bayonet slot which 
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Acetylene Oas Generator. 
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a rivet soldered to the fixed cylinder near the bot- 
tom. To dry and cool the gas, a laborer's coffee can is 
pressed into service. Two holes are punched in the top, 
and in these holes are inserted and soldered two (outside 
(diameter) tubes, one just entering the top, the other reaching 
jiearly to the bottom. The longer tube is connected with 
the central tube of the cover by a flexible pipe. From the 
shorter tube a rubber pipe extends to the burner. A small 
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Vertical Section of Acetylene Gas Generator. 


plate is attached to the cover of the generator beneath the 
central tube, leaving a. inch space for the escape of gas. 
This plate is designed to prevent the expanding mass of 
calcium carbide from entering the tube and stopping the flow 
of gas. 

A pinch cock should be placed on the short pipe leading 
from the generator to the cooler feoffee can) and another in 
the pipe leading from the cooler to the burner. 

To charge the generator, the apparatus being dry, a 
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pound or less of calcium carbide is placed in the conical bas- 
ket, the deep cover is put in place and fastened by means of 
the bayonet joint as described. The cooler is connected 
with the generator cover by the rubber tube, as shown, and 
the pinch cock is closed ; then the pail is filled with water 
up to within ^ inch of the top. 

The generator is now ready for use. The Avater is pre- 
vented from touching the carbide by the air contained by 
the sienerator. The cooler and burner arc connected by 
the rubber tube. 

When it is desired to use the gas, the pinch cocks are 
<)|)ened, the pressure of the water expels the air. and when 
the water touches the carbide, gas is immediately produced. 
II it forms faster than it can escape through the burner, the 
water is pushed down inside the cylinder, rising in the pail 
outside of the cylinder. .\ small quantity of water is retained 
on the top of the cover by the rim surrounding it. 

.As soon as the air is expelled and the gas begins to flow, 
a match may be a[)plied to the burners and the apparatus 
will take care of itself, giving a brilliant light until the car- 
bide is exhausted, 

C'are should be taken to not light the gas at any open 
pipe or opening other than the burner orifices. It is stated 
that these orifices are so small that even an explosive mix- 
ture in the generator would not be set off; but it is better to 
be on the .safe side. Place a small test tube over one of the 
jets of the burner for a moment ; then remove it and apply 
a match. If it burns (piietly, the burner may be lit with 
safety ; if it snaps, the test should be repeated until there is 
no explosion in the tube when the match is applied. 

.Alter the carbide is exhausted, the residue, which is 
nothing but slaked lime, may be washed out t)f the appa- 
ratus. 

This generator was designed simply for one or two hours’ 
use with the lantern ; but of course it can be used for other 
},>urposcs and with three or four single separated burners, 
it is hardly adapted for purposes requiring gas for intermit- 
tent use, as the generation goes on in a small way after the 
water is withdrawn from the carbide. 
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METALLi >-CH K( ) M KS. 

The production of Xobili’s rings is a vcrv simple and 
pleasing electro-chemical experiment which may be i cadily 
tried by any one having one i>r two batteiy cells, or a small 
dvnamo or magneto electric machine, and rigures ol various 
kinds may be produced bv the same process in brilliant 
colors. 

To produce the rings, all that is requirial is .i Ibinscn or 
Greiiet ballerv in good order, a strong solution ot ace- 
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tate of lead isugai' ol lead* and a sii'cl or nickel plated 
brass plate. 1 lie lead solution is placefl in a common saucer, 
the steel or nickeled plate is phu:ed in the bottom of the 
saucer and connected bv a wire witii the* zinc pole of the 
battery, and the end of the wire, which is connected with 
the carbon pole of the batterv, is held near the steel plate 
without touching it, as sliown in h'ig. In a very short 

time a spot of color will appear on the plate, and in a min- 
ute or so the sj>ot will spread rapidly and form concentric 
rings of ]>rismatic colors, as shown in Fig. 72. A few trials 
will enable the operator to determine the time re(|uired for 
the production of the best effects. When the operation has 
proceeded far enough, the plate is removed from the solu- 
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tion, washed in clean water and dried. The beautiful color 
effect is due to the decomposition of the light by the ex- 
ceedingly thin film of peroxide of lead deposited on the 
surface of the plate. It is quite permanent and serves to 
protect the surface of the plate from oxidation. 

To secure the best results, the plate should be blgnly 
polished and the lead solution shoulJ be filtered. 

By providing anodes of different forms, various orna- 
mental figures may be produced on the surface of the 
plate. Tor example, a wire bent into the form of a letter or 




figure of anv fi)rm may be used as an anode for producing 
a figure of the same general form on the plate. As it is 
sometimes difficult to hold the aiK)de in the proper position, 
ordinary insulated wire (magnet wire) may be used. This 
permits of placing the anode down upon the plate, the insu- 
lation serving to prevent direct electrical contact. 

Very beautiful effects may be secured by cutting an 
anode of the desired shape from sheet cop{)er and bending 
parts so as to v'ary their distance from the plate, as in the 
case of the cross, Fig. 72, The result is that the film is de- 
posited in beautifully graduated coUws^ at the extremities of 
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the figure, the arrangement of colors bearing some resem- 
blance to those of a peacock feather. 

The arrangement of the colors in these films is that of 
the solar spectrum. Nobili’s rings resemble Newton’s. The 
colors are fully as intense and more readily seen. 

Nobili discovered this phenomenon in 1826. Since that 
time many modifications of the process have been devised, 
and some commercial applications have been made. It has 
been used to some extent in the ornamentation of small t)l)- 
jects, such as buttons, articles of jewcii y, etc., imparting to 
them an iridescence which cannot be imitated by any arti- 
ficial coloring. 

Becquerel suggested a solutif)n for this purpose, the 
formula of which is as follows : Dissolve 200 grammes of 

caustic potash in 2 (juarts of distilU'd water, add 150 
grammes of litliarge, boil the mixture for a half hour, and 
alhjw it to settle. Then pour off the clear liquor and dilute 
with its own bulk of water.” 

This solution is adapted toother mc'tals than those above 
mentioned, but the acetate of lead solution yields v(Ty satis- 
factory results and is sufficient for experimental demonstra- 
tion. In conducting these experiments the poisonous 
nature of the solutions should be borne in mind. 

IRIDESCENT GLASS. 

A visitor at the Metropolitan Museum of Art in New York 
cannot fail to notice in his tour of the galleries the e.vquisitc 
ancient Cyprian glassware, with its gorgeous iridescence 
surpassing in brilliancy of color anything ever prf)duced by 
artificial means. So far as is at present known, this effect can 
be produced only by the corrosive action of the air and mois- 
ture of the soil in which these objects have been buried for 
centuries. 

Glass having a similar appearance, but without the same 
brilliancy of color, has been found elsewhere, and a certain 
degree of iridescence has been imparted to glass of modern 
manufacture by flashing it during the annealing process with 
stannous chloride, thus depositing on the glass an exceedingly 
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thin film, which decomposes the light and thus yields a 
pleasing color effect. Glassware of this kind is beautiful, and 
was at one time much in demand, but at present it can hardly 
bo found on sale. 

Through the courtesy of General L. F. Di Cesnola, di- 
rector of the Metropolitan Museum of Art, the writer has 
been enabled to examine specimens of ancient Cvprian glass 
secured by him in his archaeological explorations in Cyprus. 

A microscopical examination of this glass shows that the 
surface is covered with exceedingly thin transparent films 
formed by matter dissolved from the glass. The body of the 


73. 



Iridescent Film — Magnified. 


glass is pitted over its entire surface with minute cavities, 
which are circular or elliptical, or oblong in outline, and 
either spherical, ellipsoidal, or cylindrical in respect to their 
concavity, and the films conform to the pitted surface of the 
glass. These films, of which there arc many superposed, are 
so thin as to float in air like down when detached. They de- 
compose the light by interference due to reflections from the 
front and rear surfaces of the film, and give rise to the gor- 
geous play of color for which these ancient specimens of glass 
are noted. 

The appearance of the film from this glass when highly 
magnified is illustrated in Fig. 73. The color effect is, of 
course, wanting. By transmitted light the color is comple- 
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mentary to that shown bv rcHcctod li^ht. F-xainino l !)y 
polarized light, the color is lieightencd still more with all the 
changes that may be brought about by rotating the polarize;, 
analyzer, or the object itself. The figure under polarized 
light without the color is shown in Fig. 74. 

If the effects secured by long ages of treatment in Nature’s 
laboratorj' could be produced artificially on modern glass at 

FUJ. 74. 



Film — H\ PoKir>/ca 


a reasonable cist, it would seem to be an object well worth 
.striving lor. 


I I, I XAMI'IJ-, ol l l loN. 

Diffraction. a> i> ut il known, is the eliangi- which light 
undergoc'. when jui'-'ing the edge o! a bod\, or in passing 
through a narrow slit or .ipertnre in an opatjue body. I he 
ravs appear to iiecome bent so as to jienetrale into the 
shad(jw of the bodv. A coimnon exanijile cd this phenome- 
non is the experiment in which a beam of light is made to 
pass across the edge of a sharji inst ’11111011, a razor for ex- 
ample. 

The most beautiful examjile of diifraction phenomena is 
given by the gratings used for producing the spectrum. As 
we have at present nothing to do with the purely scientific 
application of this phenomenon, we confine oursch^es to a 
.single example, as shown in the mineral commonly known 
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as star mica (plilogopitc). A tliin plate <if this mineral 
placed ()()p()site a point of light, such as a candle flame or a 
small gas flame, exhibits six radial bands of light emanating 
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Star Micx 


from a point opposite the flame, and arranged syminctri- 
callv at the angle of Cx) deg. The^e bands rotate witlv the 
plate when it is turned in its own 
plane ; often more than six such bands 
are shown, but the number is always 
a multij)le ol six. 

In Fig. 75 is shown a star-like 
figure produced in the manner tie- 
scribed, which is really composed 
of two like figures each having six 
nidial bands, one figure being much 
stronger than the other. Microscopic examination of the 
plate shows a multitude <if minute, needle-like crystals. Ti^e 
light passing over the edges t)f these crystals is diffracted or 
bent, so that the rays which reach the outer eoge of the 
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Lines Showing the Ar- 
ran men t ot Crystals 
Pioducing' Six Radial 
Hands. 
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plate, as well as tln)se passing through the central portions, 
are bent inward in their passage, so that they meet in the 
eye and produce the phenomenon described. It has been 
ascertained that these minute crystals are “ hcmimorphic 
crystals of rutile elongated in the direction of the vertical 
axis.” This phenonienon was noticed bv G. Rose as early 
as 1862, but the nature of the crystals was ascertained by 
Lacroix. 

The diffraction plienoinenon shown l)v the star mica may 



Glass Scratched in Two Directions. Angle of 90°. 


be produced artificially by forming minute scratches in the 
surface of gla.ss ; the diffraction bands are, of course, at 
right angles to the lines or .scratches by which they are 
formed ; therefore, if the plate is scratched in one direction, 
one band will be prtjduced reaching across the plate at. 
right angles to the scratches; if scratched in two directions, 
two bands will be produced, as shown in Fig. 77 ; and Fig. 
78 represents a glass plate scratched in four dir^ictions, the 


lines being at the angle of 45 , thus producing eight radiai 
bands when the plate is placed in front of a point of light. 


Fig. 7 S 



Glass Scratched in Four Directions Angle of 45°- 


It is obvious that by the proper arrangement of the lines 
any number of radial bands might be produced. 1 he 

Fit., yt). 



Arrangement of Crystals in Mica. 
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scratches in the glass are almost imperceptible : they arc 
readily produced by rubbing the glass lengthwise and 
crosswise by a block covered with hue emery paper, the 
block being guided by a ride. 

A beautiful example of the intergrowth of the fine 
crystals is shown in Fig. 79; the dark and light bands 
here represented are formed by these crystals, winch, 
curiously enough, arrange themselves along lines parallel 
with the sides of the mica crystals in which they are con- 
tained. 

Ihjni) AIR AM' Ils >MK\A. 

In an article in the Siitfitijic Amcruiin Prof. ^V. C. Peck- 
ham says : 

Renewed interest has recently been awakened in the 
liquefaction o! air bv the announcement that it can be pro- 
duced in practicallv unlimited (piantities. This result h.is 
been brought about bv the development of the method ot 
expansion, and its use in a new and ingeniously deviseil 
apparatus. Credit tor this is due to Mr. li. Frijiler. ol 
New York, who has for many years been engaged in the 
study of this problem. 

One of the illustrations shows the ap])earance and 
arrangement of his })lant. It consists of a triple air com- 
pressor, a cooler and a licpiefier. The comjiressor is of the 
ordinary form, having three pumps upon one piston rod 
working in a line. I he first gives 60 pounds pressure, the 
second raises this to 750 jiounds, while the third brings the 
air under a compre.^sion of 2.000 pounds per square inch. 

.After each compiession the air flows through jacketed 
pipes, where it iscooled b\ eitv water, h'or this work about 
40 horse pow er is enqjioyed. Alter the third compression 
the air flows thnnigh an ap[>aratus which disposes of some 
i){ its imjmrities, and it passes on to the licpiefic r. It is this 
part of the ap[)araf us which constitutes .Mr. Tripler's special 
invention. By means of the j'eculiarly constructed valve, 
whose details are not ma<Ie juiblic, a portion of the c«>m 
pressed air is allowed to ex'pand into a tube surrounding the 
tube through which the remaining air is flowing. This ex- 



Llt^UlD Aik AND ITS PHENOMENA. 
FiG. tio. 


269 





270 


EXPERIMENTAL SCIENCE— APPENDIX. 


panded air absorbs a large amount of heat from the air still 
under compression in the inner tube. The contents of the 
inner tube are thus cooled. In this way the air is brought 
below the temperature of liquefaction and its pressure is very 


Fk;. Si. 
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Triplet's Original Apparatus — Used in 1890. 

much reduced, so that, upon opening the valve at thebottom 
of the apparatus, a stream of liquid air is received, flowing 
out with scarcely iiKwe force than the water from our ordi- 
nary city service pipes. Thus the liquefaction of the air is 
accomplished by the “self-intensification of cold ” produced 
by tiie expansion (d a portion of the compressed and cooled 
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air, without employing any other substance to bring about 
this result. 

Through the courtesy of Mr. Tripler, we are able to pre- 
sent a cut of the original apparatus by means of which, in 
January, 1890, the first liquid air was made in America, and 


Fk;. 82 



Experiments Showinjr Properties of Liquid Air. 

I. Majriietism of oxygen. 2 Steel burning in liquid oxvvren Frozen .sheet iron. 
4. Explosion of confined H<iuiri air 5 Uunnnji p.iper. i;\p!o«'ion of >|xnigc. 7 Freez- 
injj rubber ball. S. Double walled vacuum bulb. o. boiling liquid air 


probably in the world. It is known that the method by 
exj^ansion of air under pressure has been employed both 
in England and Germany, but the earliest published date 
connected with any of these experiments is 1895, and pre- 
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vious to that time, as Mr. Tri[)ler states, his application for 
an English patent was on file in the English Patent Office. 

Our cut (»f this original aj)paratus shows the tube through 
which the air under compre.ssion flowed into the spiral coil. 
Having traversed this coil, it rose through a tube (iu)t seen) 
in the middle of the coil aiul passeil the valve shown at the 
top. Ihe whole was surrounded by a glass tube open at 
the bottom. 13 v the expansion of the escaping air the coil 
and the inner tube were so cooled that luiuid air trickled 
tl(.)wn the pipes anil dropped out at the bottom ol the tube. 

As last as the litpiiii air i> dr.iwn from the litjuelier it is 
placed in tin cans, packed in felt, in which it can be kept toi' 
a verv long time. Cans have bt'en sent as tar as Lynn .Mass., 
in one tUixction. and \\ asliington. D. C ., in the otiu’r, aiul 
the Contents were not staii iU''l\' diminished by (.‘vaporation 
in transit. .Such a c.ui holding' 3 gallon> would ni>l wholl\ 
evaporate in less than S to u* hours. 

Prof. 1 tewar in\ eiited a doubU' walle<i glass bull), in which 
between the wails a high \acuum is tormed tl'ig. S.; i. 
In this the air w ill last !i\ e to six times as long as in an ordi- 
nal \ pat ked dish. 

.\,n exteiuletl table oi thephxsital constants ol the "so- 
called permanent g'ases is embodied in this article aiul will 
doubtless interest our readers. .\ g'lani:e at this will sliow 
that the boiling point ol tin' air is the lowest teinperatuie 
thus far attained at atmospheric pressure. ( )iily hydrogen 
aiul helium ha\e 1 . iwer boiling points, and neither ol these 
has been li(|uelied uji to this time in a tree state, that is, at 
atmospheric pressure. Ihe same statement can be m.ide 
with regard to air boiling in .1 vacuum. This has the lowest 
temperature yet attained. 

The possession of a large (juantity of a litpiid at so low a 
temperature makes it possible to perform many experiments 
of a verv startling anrl marvelous character. When a dishful 
of the liquid air is dipped from the can, it boils so violently 
that drops of it are projected to (juite a distance. This con- 
tinues until the dish is cooled to the temperature of the 
liquid, when it becomes (luiet, simmering gently. In this 
condition it is turbid, containing solid particles of carbonic 
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acid and possibly ice. These may be filtered out through 
filter paper, and the liquid is seen to be of a delicate shade 
of blue, clear as water. 

Since the boiling point of nitrogen is 13® C. below that 
of oxygen, it follows that, in the first boiling, nitrogen is dis- 
tilled from the oxygen as alcohol may be distilled from a 
mixture of alcohol and water through the difference between 
their boiling points. By this means the liquid air becomes 
very much richer in oxygen. The liquid air would at first 

PHVSIC.VL CONSTANTS OF (SO-CALLKD) PEKMANENT GASES. 
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contain only 20 ]>cr cent, of oxygen, but after boiling for a 
while the proportion of oxygen increases to 75 per cent. It 
the liquid be poured upon a block 4)f ice, it bounds off like 
water from a hot stove. The ice at the freezing point is 344 
F. hotter than the liquid air — a distance of 132 greater than 
separates boiling water from ice. 

Fig. 82 shows a co{)pcr tube 2 inches in diameter, with 
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walls of an inch thick. On pourinjj a couple of fluid ounces 
of liquid air into the tube, and driving' a wooden plug firmly 

Fig. S3. 



Experiments Showing Properties of Liquid Air, 


10. Trozen mercury, ri Liquid oxygen in watei. u I'rozen w hi^ky. 13. Car]>ouic 
acid snow, i.j llurning carbon in litiuid oxygen 
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in with a hammer, it is driven out almost immediately, and 
with such violence that boards overhead are indented by it. 
About ;oo cubic feet of air are compressed into one g^allon 
of the liquid, occupyiiif^ 231 cubic inches. The liquid there- 
fore occupies but of the space filled by the gas at first, 
and on returning to its gaseous form at atmospheric pressure 
it mu.st expand to 748 times its volume. The enormous 
pressure produced in this transformation is thus apparent. 
It would scarcely seem to be possible to construct apparatus 
in which it could safely be stored and allowed to come to 
atmospheric temperatures. 

Fig. 82 sIk)ws the effect produced upon iron b}’ reducing 
its temperature to that of liquid air. An ordinary tin dipper 
placed in the liquid and allowed to cool till b()iling ceases 
becomes brittle and breaks like glass uj)on being struck 
again'^t a table or thrown upon the floor. Copper and pla- 
tinum, on the other hand, remain tough at the lowest tem- 
peratures. 

Fig. shows a dish of liquid air in which a rubber ball is 
floating. It will be noticed that the vapor flows over the edge 
of the dish, not rising in a cloud from it, as does steam, sinceit 
is much heavier than gaseous air at ordinary pressures. This 
vapor presents the a[)pearance of a cloud of steam and would 
be easily mistaken for it. The chill which the hand receives 
on being exposed to it would, however, quickly convince 
one of the difference. When the rubber ball has been cooled 
to the temperature of the liquid, it becomes exceedingly 
brittle, and on being thrown against a wall flies into manv 
pieces. A very curious effect produced upon a billiard ball 
or other article of ivory by cooling it to the temperature of 
liquid air has not been explained. On exposing it to the arc 
light for a few seconds and viewing it immediately in a dark- 
ened room, it shines with a brilliant green phosphorescence. 

It is a curious experiment (see Fig. 83) to hold a tube 
in which is liquid air in a glass whisky, which in a few 
minutes becomes frozen solid. On warming the outside of 
the glass the solid whisky may be removed, and we have a 
whisky tumbler composed of whisky itself. 

A jet of carbonic' acid directed into a dish floating in a 
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glass oi liquid air (see Fig. 83) is immediately frozen and forms- 
carbonic acid snow, in the open air, which, on being placed, 
upon a table, passes into the gaseous state without melting. 
A jet of steam directed into a glass of the liquid air causes a 
violent evaporation of the air and condensation of the steam, 
so that a cloud of particles rolls away from the dish, but in 
a remarkably short time round hailstones of the size of peas 
will be found floating quietly in the liquid air. They have 
cooled from 4-212" to —312° F'ah. in the short space of a few 
seconds. Consider how much heat they have given up. The 
heat of evaporation of water is 967^^ Fah. ; 212° more to 
zero: 144 given off in freezing, and 312" more in falling to 
the temperature of liquid air; 1,636^’ is the grand total. 
Eighty degrees per second would be a moderate estimate of 
the rate of loss. More remarkable still is it to see the air of 
a room condense upon the stdes of a tube in which liquid 
air is boiling in a vacuum. Fig. 84 shows this experiment. 
When the pressure gage registers about half an atmosphere, 
the liquid air is seen to be boiling in the tube with violence. 
Ice crystals from the moisture of the outside air coat the 
exterior of the tube ; but trickling down through these crys- 
tals, and falling <jff to the floor, are the drops of the atmo- 
sphere of the room c(mdcnse(l directly at ordinary pressure 
into the liquid form. They disappear almost instantaneously 
in a cloud t)f vapor upon the floor, not wetting it at all — a 
most singular sight to see a liquid which does not wet the 
surface upon which it strikes. 

A most striking experiment has been designed by Mr. 
Tripler, as were many of the experiments which have been 
already described, to show the tensile strength of frozen 
mercury. Fig. 83 illustrates this. Into a paper dish is poured 
a quantity of mercury. Into the ends of the dish have been 
inserted a pair of heavy screw eyes. If this dish is placed 
in a basin of liquid air, the mercury is quickly converted into 
a solid, since its freezing point is relatively high — 30" below 
zero. Now this, suspended in the manner shown, will sup- 
port a heavy weight for a long time. A block an inch square 
in cross section will not melt under 20 to 30 minutes. Of 
course, anything else could be done with the frozen mercury 
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which might be clone with any t>ther similar j)iece ol metal; 
as, for example, it might be used t(,) drive a nail. 

Possibly the most striking experiment is this: A quantity 
of liquid air is poured into a tea kettle, and the kettle is set 
over a hot fire of coals; the liquid air evaporates and shoots 
in streams from the spout of the kettle in a straight column 
to the height of 3 to 4 feet — a sight which Watt never 
dreamed of. While this is going on, if a glass of water is 
poured into the kettle, it will be found to be frozen in a very 
short time ; and if the kettle is removed from the hre, its 
under surface is found to be covered with the carbon dioxide 
of the fire frozen solid within a couple of inches of the red- 
hot coals. 

A piece of sponge, saturated with the liquid oxygen, 
when touched by a taper from a safe distance, explodes with 
violence and is blown into fine shreds (see Fig. 82). 

A most bcautifid experiment is shown in Fig. 82, in which 
a newspaper crumpled into a roll has been saturated with 
liquid air, and is set on fire at one end. It burns with vio- 
lence, but not so raj)idly as in the liquid oxygen. 

An electric light carbt)n may be heated to a red heat at 
its tip, and then plunged vertically into a deep glass of liquid 
oxygen, as in Fig. 83. A most singular combustion takes 
place. I'he heat of the carbon evaporates the oxygen in its 
immediate vicinity, and the carbon burns with great bril- 
liancy and violence, forming carbon dioxide, which is largely 
frozen in the liquid air before it reaches the surface and falls 
back to the bottom of the dish, .so that the combustion is 
maintained and its products retained within the dish. 

Fig. 82 shows the mode of igniting a steel pen or 
watch spring in the liquid oxygen. It is only necessary to 
stick the point of the steel into a match and light it, to furnish 
sufficient heat to communicate the fire to the steel, when 
it burns with the same brilliancy as in the ordinary experi- 
ment. 

Fig. 83 shows a very brilliant experiment. A large flask, 
10 or 12 inches in diameter, is filled to the neck with water. 
Into the top of the flask liquid air is poured. This at first 
floats, since the specific gravity f)f liquid nitrogen is 0’885 ; 
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but as the nitrogen boils away, leaving the oxyg^eti behind, 
the drops of oxyj^en l)e<^iti to sink into the water, since its 
specific gravity is ri24. As these drops sink, they are 
partially turned into vapor, which of course tends to rise 
through the water. This action communicates a rapid whirl- 
ing motion to the oxygen, and drives it back again. This 
may be many times repeated, giving a very beautiful ex- 
hibition, since the drops of oxygen may be as large as an 
inch in diameter. 

rhe magnetic character of liquid oxygen can be exhibited 
on a large scale in the manner shown in Fig. 82. A test tube 
with a sifle tube is filled with liquid oxygen, and a cork in- 
serted. The side tube allows free evaporation to take place. 
This is then suspended, as shown, by a sling. If an electro- 
magnet be brought near the end of the tube, the tube swings 
toward and adheres to the pole of the magnet just as if it 
were a piece of iron. This is, perhaps, the first adaptation 
of this experiment for exhibition on a large scale. 

The enormous force of liquid oxygen is illustrated in 
Fig. 84 — an experiment which was tried at the request 
of the inventor of one of our best known guns. A 
heavy steel tube, 18 inches long and of about an inch bore, 
open at both ends, was securely fastened in a vise. Into the 
middle of the tube a i>lug of cotton saturated with liquid 
oxygen was placed. This was touched off by a taper from 
a safe distance. The effect of the cxplo.sion is shown in the 
figure, which is a careful drawing from the tube itself. 

The practical uses and applications of liquid air have not 
yet been made, but doubtless the inventive world will find a 
place and a use for this new power. Already inquiries in 
this direction are somewhat numerous. The scientific 
aspects of the matter are of the highest interest. By boiling 
liquid air in a vacuum, the lowest degree hitherto attained 
has been reached, and men are brought the nearest they have 
ever been to the absolute zero. It would appear that, at the 
point reached, chemical action has well nigh ceased. Even 
that most active element fluorine, whose chemical affinities 
at ordinary temperatuies arc uncontrollable, becomes com- 
parativclv inert. It has recently been cooled in oxygen boil- 



28 o 


b:xperimentai, science — appendix. 


ing in a vacuum to — 210 C. without solidifying. It became 
a liquid at — ij> 7 ° C. In its liquid form it had apparently 
no desire to attack anything excepting only substances con- 
taining hydrogen, such as turpentine and benzine. Its well 
known action upon glass entirely ceased. It would seem 
probable that men have reached in liquid air boiling in a 
vacuum a temperature quite comparable with that of the 
spaces between the stars, and that we may realize in a faint 
degree something of the time when stars and sun have ceased 
to shine and grown cold. 


REMOVAL OF FOREIGN BODIES FROM THE B:YE 


Fig. 85. 


When a cinder, a piece of rock, steel, or other foreign 
substance gets into the eye, the sufferer is desirous of being 

relieved as quickly as pos- 
sible, not only on account 
of the pain and discomfort, 
but also on account of the 
apprehension of the object 
becoming more and more 
deeply embedded in the 
tissues, and the production 
of serious inflammation 
which accompanies any in- 
tru.sion ol this kind, and 
which is likely to last for 
some time after the removal 
of the foreign substance. 

We are usually averse 
to allowing any one to med- 
dle with our visual organs, 
especially when it involves 
anything akin to a surgical 
Magnifying Glass and Plane Mirror operation, SO that if we can 
used as a Substitute for a Concave he[p ourselvcs when we 

meet with a mislortune of 
this kind, it is our pleasure to do .so. 

When the object is of such a size as to be readily visible 
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in an ordinary mirror, persons with normal eyesight can 
easily locate it, and, in ninety-nine cases in a hundred, can 
remove it without aid by using a finely-pointed pine stick, 
the extremity of which is moistened and bruised between 
the teeth sufficiently to destroy its rigidity and make it 
brush-like at the very point. Often the foreign body is so 
minute as to be undiscoverable by the means named, or the 
vision may be such as to necessitate the use of spectacles. 
In either of these cases the ordinary mirror will not an- 
swer; a concave or magnifying mirror is needed. This will 
show the object without using spectacles. 

When the foreign substance consists of finely divided 
particles such as sand or dust, a wet camel’s hair brush may 
be used to advantage. When the substance cannot be 
removed in either of these ways, the services of an oculist 
should be secured as early as possible. If the magnifying 
mirror is not available, a pocket magnifier having a diame- 
ter of I or 13,4^ inches and about 23 <> or 3 inch focus may be 
used in connection with an ordinary mirror, by placing the 
magnifier in contact with the face of the glass, as shown in 
the engraving. 

AID TO VISION. 

W hen age creeps on and vision fails, so that eye glasses 
are essential to the close examination of near objects, it is 
vexatious when a person dependent on eye glasses finds his 
glasses have been left or lost just when they are needed 
most. If the light is strong, the angle of vision ma}’ be in- 
creased as the angle of the photograph lens is increased ; 
that is to say, by the use of a diaphragm. The reading or 
seeing is to be done through a pinhole in a card, or better, 
in a piece of thick tin foil. The perforated card must be 
placed as near the eye as possible to secure the best results. 
It is not supposed that this device will take the place of 
glasses, but as a makeshift in an emergency it is valuable. 

A LESSON IN COMPLEMENTARY COLORS. 

A gentleman whose power (.)f observation is active re- 
cently retired in a room having white walls and ceiling and 



282 EXPERIMENTAL SCIENCE— APPENDIX. 

funiished with yellow’ window shades, which were drawn 
down. He w’as awakened in the morning by the sunlight 
pouring in through the yellow’ shades. The walls and ceil- 
ing of the room appeared to him to be of a light green color. 
His explanation of this phenomenon w’as this : The light in 
passing through his eyelids was tinted red ; by continual 
exposure of the optic nerves to red light they became tired, 
so that when the red screens (the eyelids) ’.vere removed by 
opening the eyes, the sensation of the complementary color 
w’’as experienced, and, as a result, the walls and ceiling ap- 
peared green. After g.izing at the ceiling until the green 
color had vanished, he closed his eyes and covered them to 
prevent light from entering through the lids, when a vivid 
purple, the complement of the yellow’ or orange shade, was 
seen. 


SOME SUGGESTIONS IN MICROSCOPY. 

An object w'hich ahvays interests the microscopist, and 
excites the w’ondcr and admiration of those who regard things 
microscopic from the point of popular interest, is the circu- 
lating blood in living creatures. Nothing in this line has 
proved more satisfactory than the microscopic view of the 
circulation of blood in the tail of a gold fish. Thanks to Mr. 
Kent’s invention of the fish trough, the arrangement of the 
fish for this purpose has been rendered comparatively simple 
and easy. 

The trough consists of a metallic vessel provided with a 
thin extension at one end near the bottom furnished with 
glass-covered apertures above and below. The body of the 
fish between the gills and tail is wrapped with a strip of soft 
cloth, and the trough being filled with water, the fish is placed 
therein, with its tail projecting into the extension between 
the glass covers. The tank is arranged on the microscopic 
stage with the tail of the fish in position for examination. So 
long as the fish remains quiescent, all goes well, and the beau- 
tiful phenomenon may be witnessed with great satisfaction, 
but the subject soon becomes restless, and at the most inop- 
portune moment either withdraws its tail from the field or 
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jumps out of the tank, thus causing^ a delay which is some- 
times embarrassing. 

I'he uneasiness of the fish is caused partly by its unnatural 

Fjn. 86. 



Fish Trough with Grids and Continuous Water Supply. 


position and partly by the vitiation of the water. The latter 
trouble has been remedied by the writer, by inserting a dis- 
charge spout in one end of the trough, and providing a tube 

Fig. 87. 



Dark Ground Illuminator. 


for continually supplying fresh water. The other difficulty 
has been surmounted by providing two wire grids (Fig. 86), 
each having spring clips at their ends for clamping the walls 
of the tank. These grids are pushed downward near the 
body and head of the fish, so as to closely confine the little 
prisoner without doing it the least injury. With these two 
improvements the examination may be carried on comfort- 
ably for an hour or more. 
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In Fig. 87 is shown a simple device for dark ground illu- 
mination. Although it does not take the place of the para- 
bolic illuminator, or the spot lens, for object! vcs of low angle, 
it answers an excellent purpose. To a metallic slide. A, 
having a central aperture surrounded by a collar, is fitted a 
funnel, B, of bright tin or nickel plated metal, which is pro- 
vided with a downwardly projecting, axially arranged wire 
upon which is placed a wooden button capable of sliding up 
or down on the wire, the button being of sufficient size to 
prevent the passage of direct light to the objective. The 
light by which the illumination is effected passes the button, 
and striking the walls of the conical reflector, is thrown on 
the object. 

SIMPLE APPARATUS FOR GATHERINO AND EXAMINING 
MICROSCOPIC OBJECTS. 

One of the difficulties experienced by the beginnei in 
microscopy is the finding and gathering of objects for ex- 
amination. As a rule, cumbersome apparatus has been used. 


Fio. 88. 



Gathering Microscopic Objects. 


The conventional apparatus consi.sts of a staff to which are 
fitted a knife, a spoon, a hook, and a net ; but a great deal can 
be accomplished with far less apparatus than this. 

The engraving illustrates a simple device by means of 
which the amateur microscopist can supply himself with as 
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much material as may be required. It consists ol an ordinary 
tea or dessert spoon, and a wire loop of suitable size to extend 

Fi<;, Htj. 



Transferring Material to the Bottle. 


around the bowl of the spoon, having the ends of the wires 
bent at right angles and hooked in opposite directions. To 
the loop is fitted a conical cheese cloth bag, and to the bottom 
of the bag, upon the outside, is attached a strong string, which 

Fig, 90, 



Tank for Microscopic Objects. 


extends over the top and down to the bottom of the bag, 
where it is again fastened. The spoon is inserted between 
the bent ends of the loop and turned, and the point of the 
bowl is slipped through the loop. 
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The instrument is used in the manner shown in 88, that 
is to say, it is scraped along the surface of objects submergetl 
in the water, the water passing through the cloth and the ob- 
jects being retained by the conical bag. Wlien a quantit y of 
material has accumulated, the bag is turned inside out by 
pulling the string, and the pointed end of the bag is dipj)ed 
a number of times in water contained in a wide-moutiK d 
bottle. The operation is then repeated. The objects thus 
washed from tlie bag are retained in the l.-ottle for examina- 
tion. 

The common method oI examining small objects of this 
kind is to place a drop of water containing some of the objects 
_ . upon a glass slide bv means of a drop 

tube, then to apply a cover glass and 
remove the surplus water by the ap- 
plication of a ]>iece of blotting paper. 
This answers very well for the smaller 
objects, but the larger ones must be 
examined in a tank like that shown in 
Fig. 90. This tank consists of a glass 
slide, A, to which are attached three 
glass strips, B, by means of cement 
(hicvcle tire cement answers well for 
this purpose), t he strips forming the 
Cross Section of Tank. bottom and ends of the tank. The 

front, C, of the tank is formed of a piece of a glass slip at- 
tached to thestrijis by means of cement. To vary the thick- 
ness of the bodv of water contained in the tank, when neces- 
sary, one or more glass slips are inserted behind the object. 

SO.MK Sl.aiGKSTIONS IX PIIOTOGKAI'U V. 

The field of jthotograjihv has been enormously enlarged 
by the pertectum of the different methods of artificial illumi- 
nation. An entirely different chess of subjects is rendered 
available, and persc^ns vvho.se bu.siness monopolizes all of the 
daylight are furnished opportunities for the gratification of 
photographic tastes, provided their ambiti<^)n does not lead 
them to a desire to " take all (>ut of doors ” lit night. 




|„ r„,si, «,mc bull ha* hern found w« 

l.iclurc* .... account n( the an*i..ll* , 

caused liy the cxiKXtcdc\{)loMi»iM.( the |H»«'der, or f he iliwi 

eyes which are chaniclcnstic «>{ j»icturcs Hrumj hi /Jas/i 
liijhts that are not practically instantaneous. 

It follows that a flash lij^lif must <lo if-- wnrk "quicker 
than a wink,” and (hat it must he ifruitcf! by some device 
other than a fuse or strip of paper, either of which give$ 


h Haiti -'^1^ 


•It;. 92. 



Simple Flash Ligl t. 


warning' and thus puts the subject on guard* Flash light 
lamps are undoubtedly good, but, so far as the writer is aware, 
they are all limited in certain ways. In the first place it is 
necessary to Cfmiprcss a bulb to force air throug’h a g'reater 
or less length of tube. This requires some effort on the part 
of the operator, and practically prohibits him from including 
himself among his subjects. If he docs attempt to do this, 
the rubber tube leading from the bidb to the lamp must neces- 
sarily form an unsightly addition to the picture ; and further- 
more, the tube is limited as to its length, on account of the 
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air friction, which so reduces the blast in a tube of consid- 
erable length as to entirely defeat the operation of the light. 

After enumerating these objections to the ordinary flash 
light lamp, it is perhaps unnecessary to allude to the matter 
of expense. However, the lamps range in price from $1.50 
upward. 

In Figs. 92 and 93 is shown flash light apparatus the cost of 
which is practically nothing, as the needed materials may be 


Fu-.. 93. 



The Flash. 


purchased for a few cents, and the labc^r involved is a matter 
of only a few minutes. A descri])tion is hardly necessary ; 
the engravings tell the whole story. 

Two loops soldered to the bottom of a small tin pan re- 
ceive a wire which is bent at one end, forming a spiral, into 
which is inserted a little roll of asbestos. A fish line sinker 
is placed on the wire previous to bending, and near the pan 
the wire is bent to form a shoulder, which holds the wire in 
a stable position when raised, as shown in Fig. 92. The other 
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extremity of the wire is bent at nearly a right angle and 
formed into a loop, then returned to form a practically T- 
shaped arm with an open eye at its extremity. A stout black 
thread oi sufficient length to reach as far as may be required 
is tied in the loop. 

At the point in the surface of the pan where the asbestos 
strikes when pulled over, a shallow cavity is formed by bur- 
nishing the tin with a rounded instrument like a tool handle^ 


Fig. 94. 



Inexpensive Tray. 


the tin being placed over a cup, a box cover, or something 
of that kind which will support the metal around the cavity 
during the operation of burnishing. 

The pan is secured to a heavy wooden block or to anv 
fixed support by means of two or three tacks driven through 
its rim. One or two boxes of Blitz-pulver should be placed 
in the cavity in the tin ; a few drops of alcohol are poured 
on the asbestos ; the apparatus is placed on a step ladder or 
other high support, which is located at the side 01 the camera 
in such a position as to prevent the light of the flash from 
entering the camera tube. A large piece of white paper is 
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suspended at the back of the apparatus and troin iS to 24 
inches distant. If the operator is not inchuled anionL; the 
subjects, the black thread is simply connected with the 
lower loop, so that a rearward pull ol the thread will ti.l th(‘ 
wire arm forward. If the operator desires to include him- 
self in the picture, the thread is slij)ped into ti'.e eye ai the 
end of the wire, so that pulliiiii,' the thread trom the Iront 
willtiltthe wire arm forward. Now. eN crvt hitii; being ready, 


Fic. 95. 



Plate Rack. 

the alcohol is lit, the operator takes his ])osition, pulls the 
thread, and the thing is done. 

When the subjects arc so posed with reference to the 
source of light as to prcxluce undesirable dark shadows, this 
trouble may be avcjided by arranging newspapers so as to 
reflect more or less light on the shaded side. 

To secure good flash light pictures, two things in addition 
to a good instrument arc required ; one is an instantaneous 
light of sufficient intensity, the other is an instantaneous plate 
of the kind known as isochromatic or orthochromatic. 
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For such subjects as require instantaneous work, the ex- 
plosive powders are useful, and j)erha[)S in the majority of 
cases necessary, but for nine-tenths of the wcjrk flash lights 
ol the torch t\pe, using {jure niagnesiutn powder, withf>ut 
any explosive, answer perfectly, while they have the advan- 
tage of producing a less offensive smoke and of av<jiding 
all danger. 

The anne.xed engraving shows an exceedingly simple and 


Fic.. 96. 



A Magnesium Torch. 


verj’ effective torch for burning pure magnesium powder. 
It is similar to some found at the .stores ; it differs mainly in 
the matter of construction and materials. A vial, 3 inches 
high and i inch in diameter, forms the receptacle tor the 
powder. The neck of the vial is large enough to receive a 
small rubber or cork stop{>er (rubber preferred) having two 
perforations. In one is inserted a tube having its lower end 
projecting i of an inch below the stopper, this end being 
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contracted so that its aperture is about * inch in diameter, 
or about as large as a good sized pin. This tube is curved 
over to receive the rubber pipe by Avhich the blast is fur- 
nished to the apparatus. 

In the other aperture of the stopper is inserted a piece 
of tubing of about hich internal diameter and a length of 
3^ inches. The tubes may be of glass or brass. 

A wire spiral bent into a circle and ciinnectcd at the ends 
receives a roll of woolen cloth, or better a filling (d asbestos 
fiber, and the end of the wire forming the spiral is bent at 
right angles, and wrajtped ai omul the tube. A quarter inch 
space is left all around the tube, between the tube and the 
inner portion of the spiral. The vial is one-cpiarter or one- 
half filled with fine. [)ure magnesium powder, and the fibrous 
material in the wire spiral is saturated with alcohol. When 
all the prej)arati()ns for the expttsure have been made, incliul- 
ing lighting the alcohol, the operator blows strongly through 
the rubber tube : the concentrated jet stirs up the [)owder 
in the vial thoroughly, and the air escaping through the 
longer tube carries the powder through the flame, thus pro- 
ducing a spire of flame about 2 feel high. Several puJs 
mav be made if the subject is one recpiiring strong illumina- 
tion. 

The principal point to look out for is to make the con- 
tracted blowpipe of such capacity relative to the discharge 
tube as will insure the comparatively slow passage of the 
powder through the flame. If the bh}wpi{)e is to(j large, the 
powder will pass through the flame .so rapidly as to fail of 
igniting. In this way a large proportion of the [)owdermay 
be lo.st ; but with correctly j)roportioned tubes the combus- 
tion is very perfect. 

The writer has taken anumberof fair sized interiors with 
this torch. Pure magnesium powder can be used in this 
apparatus with perfect safety, but explosive powders used 
in a confined space (such as the vial in this torch) are dan- 
gerous. 

TRAYS FOR DEVELOPING, FIXING, ETC. 

Among the items of expense in the list of the amateur 



SOME SUGGESTIONS IN PHOTOGRAPHY. 


293 


photographer’s supplies will be found trays for developing, 
fixing, intensifying, toning, etc., and the temptation is often 
great to make one or two trays answer all purposes; but 
modern photography forbids the double use of trays, so that 
the operator must either purchase or make trays for himself. 

In Fig. 94 is seen, in the upper figure, a pasteboard blank, 
which, when creased as indicated by the dotted lines, bent 
up and fastened at the corners by ])ieces of cloth glued inside 
and outside as shown, forms a foundation for a serviceable 


Fk;. 97. 





Electric Tray Illuminator. 


tray. All that is required to complete the job is to fill the 
pt)res of the pasteboard and cloth with paraffine. 

There are two ways of doing this. One is to dip the tray 
into paraffine melted in a pan of suitable size ; the other way 
is to melt the paraffine by means of a hot iron and allow it 
to drop on the pasteboard, afterward spreading it with the 
hot iron. In either case a liberal supply of paraffine should 
be left in the corners. Paraffine candles will furnish the ma- 
terial for saturating the tra}' when paraffine in bulk is not 
available. 

In Fig. 95 is represented a simple, easily made and efficient 
negative rack. It consists of thin wire frames pivoted to the 
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base board and provided with corruj^ations for receiving 
the edges of the plates. 

In Fig. 97 is shown a method of dark room illumination 
which permits of examining the negative thoroughly during 
the process of development without unduly exposing tlie 
plate. It consists of a two-candle })Ower incandescent lamp 
attached to a handle and inclosed by a hemispherical reflector 
closed at the front with a disk t)f dark ruby glass. The lamp 
is held near the plate. All of the light is thrown downward, 
so that the eyes receive only the light reflected from the 
plate. Furthermore, only a small section of the plate is ex- 
posed to the light at anv time. When the lamp is not in use 
in the manner described, it is either laid face down on the 
table or suspended so as to light the dark njom. 


PHOT(»r.RAI-HlC CANE. 

In this cane, which is shown in side and front .sectional 
elevation in Figs. 98 and 99 the head forms a camera, while 
the tubular bod)* of the cane forms a reservoir for the sen- 
sitized celluloid strip. The head is screwed to the body 
and carries a plate, A, which extends down into the cane. 
On the stud, a, projecting from the })late, is journaled the 
roller, B, and at the lower end of the })late. A, is journaled 
a roller, C. A celluloid strij), D, passes around the rollers, 
B, C. This strij) is preferably made endless by joining its 
ends by means of two or three stitches or even a small pin, 
to permit of giving suitable tension to the strip. The strip 
is guided by rollers, r, c\ c% r’. The rollers, c‘, B, and c, c\ 
hold the section, d, of the film in the focal plane. The roller, 
B, is provided with a .stem, e, which extends through the 
side of the cane head and is furnished with a milled head, f. 
The roller, B, is provided with points, g, on diametrically 
opposite sides for puncturing the sensitized film at the ends 
of the exposed portion, and the inner surface of the milled 
head,/, is provided with cavities, //, corresponding in posi- 
tion with the points on the roller, B, and to the side of the 
cane head is attached a spring, i, furnished with a projec- 





Photographic Cane. 
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tion which enters into one or the other of the cavities, h, and 
thus causes the film to register. 

In the cane head near the film, D, is secured a plate, E, 
provided with a rectangular aperture,/, through which the 
exposure is made. To the front of the plate is hinged a 
shutter, k, the pivot of which is prolonged and furnished 
with aspring, /, which tends to close the shutter and keep it 
closed. The cam, w, formed on the hinge is provided with 
a notch, n, for receiving the end of the spring, 0. A button, 
p, extends through the lower wall of the cane head. When 
the button, p, is j)ushed the shutter is thrown open and the 
cam, m, trips the end of the spring, allowing the shutter to 
close. If it is desired to prolong the exposure, the shutter 
may be opened more carefully and held open as long as may 
be required before pushing the button, /», far enough to 
cause the spring to trip. 

The lens, q, is placed in the cane head in proper relation 
to the exposed portion of the film, D, and the end of the 
cane head is furnished with a small hinged cap, r, which is 
held in a closed position by the spring catch, s. When it is 
desired to make an exposure the spring catch, s, is pressed, 
when the cap, r, flies open; then the button,/, is pushed, 
opening the shutter in the manner already described, mak- 
ing the exposure. After the ex})osure is made the milled 
head, f, is turned a half revolution, when the camera is 
ready for another operation. Of course, it is necessary for 
the operator to either count the number of e.xposures or to 
attach to the film a button, /, which will not pass between 
the rollers, C. When the film can be turned no further, it 
will indicate that the film is used ujj. 

A CONVENIENT CAMERA. 

While it may be too early to say the old-time plate-holder 
camera has had its day, it cannot be denied that magazine 
cameras of various kinds are superseding the old-fashioned 
camera, especially among tourists and others who desire to 
accomplish a great deal photographically in a very short 
time. The magazine camera is in photography what the 
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Gatling gun is in warfare. It enables the operator to not 
only secure a great number of subjects, but it often allows 
him to get a view which would be lost if the plates were to 
be changed by the clumsy device of the ordinary plate holder. 

The low price and good quality of plates and cut films 
contribute in no small degree to the success and popularity 
of the magazine camera. There is, however, still a bar to 
its very general use ; that is the high price at which these 
instruments have been held. As their construction has been 
somewhat complicated, and as good workmanship is neces- 
sary to insure accuracy and reliability, the cost of manufac- 
ture has been so great as to warrant existing prices. 

The engraving represents a magazine camera which is 
reliable in its action and at the same time so simple that 
its construction is quite within the range of the amateur or 
ordinary mechanic. 

A plate holder or kit is required for each plate or film. 
The holder consists of a hard wood frame a little larger — 
inside measurement — than the plate or the film holder, with 
a piece of thin veneer glued to the back. The upper edge 
of each holder is beveled on the front, while the lower edge 
is beveled on the rear, as shown in Fig. loi. Two washers 
or burs let into the upper part of the frame project into the 
space which receives the plate, and in a recess in the lower 
part of the frame is pivoted a button which, when turned 
transversely, holds the lower edge of the plate in the holder. 
In the face of the holder at the upper corners are formed 
notches for receiving the nibs of the hooks which are used 
for changing the plates. 

The camera box is divided b}' a vertical partition into 
two compartments. In the front compartment is located the 
lens and shutter, while the rear compartment is subdivided 
into two similar chambers by a horizontal partition, which 
extends toward the vertical, leaving a space which is sufficient 
to allow the holder lying in contact with the vertical parti- 
tion to be transferred frt)m the upper chamber to the lower 
one. 

To the rear end of the camera box — which is removable 
— is attached a pair of pillow springs, which hold the plate 
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holders in the two chambers in contact with the vertical par- 
tition. To the end of each spring is attached a follower, 
which bears against the plate holders. The upper follower 
has square edges all around ; the upper edge of the lower 
follower is beveled in the same manner as the plate holder'^. 

The vertical partition has opposite the lens a rectangular 
opening, through which the plate is exposed, and in the ver- 


Fu;. 100. 



The Shutt'^r. 


tical partition are formed grooves about three-sixteenths inch 
deep and wide. In the bottom of the box, opposite these 
grooves, are formed mortises, for receiving the U-shaped 
shifting rod, which slides in the grooves. The upper ends 
of these rods are reduced in thickness, and bent rearward 
slightly to cause the nibs at the ends of the bar to, enter the 
notches in the upper corners of the holder. After the first 
plate is exposed, the shifting rod is pulled down, thus carry- 
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in., ,1... plate httltJer from the upper chamber <to»nit ^ HW 
U,«lr chamla r. in front of the f tllouer. which » 

1 Lu m (1 I)V the fULMirt iiu-ht .>f the f>*rvelcil lower e<lgc Of 
:i;: r witlni:;- l>eveh-.i u,,er ca.^co( the follower. 
Alter tlic seoMul .•xpo' .le. the {flaic hohirr i. Orawn 
in front ol the first plate holder, and v> on. 

It will be ^een that the ina;4’a;'in(,' fuav \>v utiuic ior unv 
mimlier of plates. 


The lens in the camera illustrated is a wide ung^ic ac/iro- 
matic of short focus. It is fixed at such a distance from the 
plate as will enable it to cut a clear, sharp ima<jc at a dis- 
tance of eight feet. No focusing mechanism is provided, as 
it is found that better results can be secured in a camera of 
this kind by having the lens in a fixed position. The lens 
tube is provided with a revolving diaphragm located between 
the Icn.ses. 

Lenses of this kind, suitable for hand cameras, can be pur- 
chased from the dealers with or without a shutter. A very 
simple and efficient shutter is shown in Fig. too. It is inserted 
in slots formed in the lens tube, behind and very near the 
diaphragm. The narrow end of the plate, A, forming the 
fixed portion of the shutter is provided with ears, r c, which 
act as guides for the slide, B. A clip, c, placed on the lower 
end of the plate. A, guides the lower end of the slide, B. It 
is held in place by a lip on the lower end of the plate, A. 
The plate and the slide are each provided with a circular 
opening a little larger than the largest aperture of the dia- 
phragm. 

To the plate. A, is pivoted a spring-pressed trigger, dy 
which engages the notches in the edge of the slide, B. One 
end of the spring, F, is inserted in the plate. A, the other end 
being attached to the slide, B, The upper end of the slide, B, 
is bent over and perforated to receive a stout string, which 
extends through the top of the camera and is used for setting 
the shutter. 

To the inner surface of the camera top is attached a flat 
spring, the free end of which projects over the horizontal 
arm of the trigger, t/, and is provided with a button extending 
through the camera top. By pressing this button the trigger 
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is operated and the slide, B, is released. As the slide is car- 
ried downward by the spring the holes in the slide and plate, 


Fig ioi. 



Magazine Hand Camera. 


A, coincide for an instant, thus making the exposure. To 
change the diaphragm it is necessary to open the front of 
the camera. To prevent the exposure of the plate a swing- 
ing door (not shown) is provided, which closes the opening 
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in the vertical partition, preventing the access of light to the 
plate. For time exposures the shutter is set open by catch- 
ing the trigger in the middle notch and using the cap. The 
speed of the shutter is varied by using springs ot different 
strength. 

The German edition of “ Experimental Science ” contains 
the following description of a magazine hand camera, Fig. 
102, which, singularly enough, strongly resembles that above 


Fig. 102. 



Improved Hand Camera 


shown. It was invented by Dr. Krugener, and differs in 
some respects from the above. It has a large finder, which 
includes the same area as the plate upon which the impres- 
sion is taken. The finder lens is above the view lens, and 
the plates are transferred before the impression is taken 
instead of afterward, as in the camera above referred to. 

A mahogany case of convenient form is divided into four 
compartments by horizontal and vertical partitions. Division 
b contains a mirror, b\ placed at an angle of 45'", which throws 
the image formed by the lens, w, upon the ground glass, p, 
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SO that cjuring the taking of the impression the position of 
the object may be observed. Division a contains from 12 to 
2.;. sensitive plates, firmly pressed by a spiral spring, by which 
they are moved forward, when one of the plates in division, 
i!y io shifted by means of the transferring rod, i, so that it may 
receive the light from the object glass, O. The next plate 
moves in front of the one already exposed. Every plate is 
fixed in a small shield, so that the forward plate protects all 
those behind it from the injurious influence ot the light. The 
object glass is closed independentlv of the shutter. The in- 
stantaneous shutier is placed in a com])artment in front of the 
objective, and is therefore out of sight and j)rotected from 
injury. 


(TJU'D PllOTOOR M'lIY. 

The annexed half tone engraving is from a cloud photo- 
graph taken by Mr. A. J. Henry, of the Weather Bureau. 
This print was made from a single negative taken with 
one exj)Osure, and it is through the courtesy of Mr. Henry 
and Mr. McAdie, of this bureau, that we are enabled to 
give our readers the secret of this remarkable effect. 

The picture is taken through a monochromatic screen. 
The one found most effective is that formed of a saturated 
solution of bichromate of potash inclosed in a i)late glass 
cell having parallel sides. The construction of this cell is 
shown in the second engraving, in which a a' arc squares of 
plate glass and ^ is a ring cut from a glass tube and ground 
to render its edges parallel and smooth. One side of the 
ring is perforated and furnished with a stopper. The ring 
is cemented between the two glass plates with balsam of fir 
or other suitable cement. The saturated .solution of bichro- 
mate of potash is introduced through the perforation, and 
the cell thus made is inserted in a piece of cork, c, which fits 
over the collar of the camera lens. The proper thickness 
for the cell is shown in the engraving ; the diameter will, of 
course, vary with the size and the angle of the lens. The 
exposure for the negative from which our illustration was 
taken was four seconds. 
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Since the above came to public notice one of the princi- 
pal manufacturers of optical goods in this country has de- 


Fig. 104. 



Arrangement of the Bichromate Cell, 


vised a very compact and convenient ray filter which ope- 
rates on this principle. 

A SIMI’LE CAMERA .SHUTTER. 

To construct this shutter, two oblong pieces of paste- 
board box, four hairpins, four common pins, a long thin 
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rubber band, a piece of black velvet, and a piece of thread 
constituted the materials, and the time required for making 
the apparatus was twenty minutes. 

In the center of one of the pieces of pasteboard was 
formed an aperture to fit over the threaded end of the lens 
tube, and in the center of the other oblong piece of paste- 
board was formed a wide transverse slit, and a piece of black 
velvet was attached to one side of the pasteboard and carried 


Fig. 105. 



A Simple Camera Shutter. 


over the edges around the slit. In the absence of other 
forms of wire, four hairpins, a, were straightened, the ends 
of each one bent at right angles in the same direction and 
inserted in opposite edges of the pasteboard above and below 
the lens tube. Two ot the common pins were inserted in 
the front of the lower part of the movable portion of the 
shutter, from opposite directions, forming a cleat for the re- 
ception of the piece of thread, and in a similar way two pins 
were inserted in the stationary pasteboard. A slender rub- 
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ber band, b, was stretched around diagonally opposite ends 
ot the pieces of pasteboard within the wire arms, and was 
prevented from slipping by the ends of the arms which 
entered the pasteboard. 

This shutter was set by raising the front part so as to 
bring the lower imperforate portion against the front of the 
lens tube, thereby shutting off the light, then bringing the 
thread, r, already attached to the cleat on the stationary 
part, around the cleat on the movable part. The exposure 
was made by cutting the thread by means of a pair of scis- 
sors as shown in Fig. 105. The focusing was done while the 
shutter was held open by ancc.ier thread, d, having a loop 
in it, which was slipped on the front cleat, as shown in 
the figure. 

To make a slightly prolonged exposure, the thread, c, 
which held the shutter closed, was cut first as shown. 
The looped thread, d, which held the shutter open, was 
cut immediatelv after it, the time elapsing between cutting 
the first and second threads being the time of exposure. 
The rapidity of the shutter is increased by adding another 
rubber band. 

DEVELOPING, INTENSIFYING AND FIXING. 

Rodinal, a new photographic developer, invented or dis- 
covered by Dr. M. Anderson, of Berlin, is one of the best 
developers known. 

It is very simple and effective. It works rapidly and 
produces good results. 

The directions for its use, as furnished by the manufac- 
turers, are given below : 

Prepare a diluted developing solution by adding to i jiart 
of rodinal, by measure, 30 parts of water, by measure. 

Developing should be commenced with this solution. 

The image, even on under-exposed plates, will appear 
rather rapidly, though it will require three or four minutes 
to bring it out fully, allowing sufficient time to watch the 
progress of development. 

I. Under-exposed plates can generally be finished with a 
dilution of 1:30 without obtaining a negative with too great 
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contrasts. Should there be a considerable under-exposure, 
add to the solution 5 to 10 parts of water additional. 

Rodinal not being liable to fog the image, developing 
may be continued for a very long time. A soft negative 
will then be obtained with an image properly and har- 
moniously worked up, which, if required, may be intensi- 
fied. 

2. Should the plate, on developing with a solution 1:30, 
prove to be over-exposed, remove the developer from the 
tray, and add to it, in order to make it work with greater 
contrasts, an ample quantity of a solution of bromide of 
potassium and a few drops of undiluted rodinal. 

To this end it will be found useful always to hold ready 
a solution of i part of bromide of potassium, 3 parts of 
water, 3 parts of rodinal, to be added by drops. 

The following formulaj are furnished by John Carbutt : 

ACID FIXINti AND CLEARING BATH. 


Sulphuric acid i drachm. 

Hyposulphite of soda 16 ounces. 

Sulphite of soda 2 *• 

Chrome alum* 1 

Warm water 64 


Dissolve the hvposulphite of soda in 48 ounces of water, 
the sulphite of soda in 6 ounces of water, mix the sulphuric 
acid with 2 ounces of water, and pour slowly into the sul- 
phite soda solution, and add to the hvposulphite, then dis- 
solve the chrome alum in 8 ounces of water and add to the 
bulk of solution, and the bath is ready. This fi.xing bath 
will not discolor until after long usage, and both clears up 
the shadows of the negative and hardens the film at the 
same time. 

After negative is cleared of all appearance of silver 
bromide, wash in running water for not less than half an 
hour to free from any trace of hypo, solution. Swab the 
surface with wad of wet cotton, rinse and place in rack to 
dry spontaneously. 


* During cold weather ust only ounce of chrome alum in above. 
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CLEARING SOLUTION TO REMOVE YELLOW SPAIN CAUSED 

RY DEVELOPER. 

Water 30 ounces. 

Sulphate of iron 3 

Sulphuric acid i 

Alum I 

If, after developing and h\'in<y the nes^ative, it is found to 
be stained vellow from the pyro. or hvdrochinon developer, 
first wash well to I'einove hvposulphite, then immerse in 
above solution until the stain is removed; a^'ain wash well, 
and drv. 

It will improve lantern slides to immerse them for a lew 
minutes in the clearin'^ solution after beiuir well fre.' l from 
hyposulphite. 

I N ' r K N S 1 1 Y I X ( ; SOLUTION. 

hiti nsification . — With correct e.v])osure and development, 
intensification need never he resorteil to. The following 
formula is, however, very effective, and the most j)ermanent 
of all methods. 

Xo. I. 


Bichlor. mercury 240 g-rains. 

Chloride ammonia 240 “ 

Distilled water 20 ounces. 


No. 2. 

Chloride ammonia 240 g'rains. 

Water 20 ounces. 

No. 3. — Cyanide Silver Solution. 

Distilled water 6 ounces. 

Cyanide potass, c. p 60 grains. 

Distilled water 2 ounces. 

Nitrate of silver 60 grains. 


Pour the silver into the cyanide solution w^hile stirring, 
and mark bottle “ Poison.” 

Let the plate to be intensified wash for at least half an 
hour, then lay in a 5 per cent, solution of alum for ten min- 
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utes, and again wash thoroughly; this is ^ 

feet elimination of the hypo. The ^ 

ness after intensifying shows that the washing 
ficient. 

Flow sufficient of No. i over the negative to cover m 
and allow to either partially or entirely whiten ; the longef 
it is allowed to act, the more intense will be the result; pour 
off into the sink, rinse, and flow over No. 2, and allow to 
act one minute; wash off, and pour over or immerse in No. 
3 until changed entirely to a dark brown or black. No. 3 
can be returned to its bottle, but Nos. i and 2 had better be 
thrown away. Wash thoroughly and dry. 


REDUCTION'. 

If, in cases of error in development, the negative is 
too intense, the high lights may be safely reduced by 
the method of Mr. Howard Farmer, viz. : Ferricyanide of 
potassium (red prussiate of potash) i ounce, water 16 
ounces ; hyposulphite of soda i ounce, water 16 ounces. 
Immerse the negative in sufficient hypo, solution to 
e(j\ er it, to which have been added a few drops to each 
ounce of the above ferrievanide soluti<.n; the speed of re- 
duction depends on the quantity of ferricyanide present. When 
sufficiently reduced wash thoroughly. To reduce locally, 
apply the mixed solution to the wet negative with a camel's 
hair brush to the parts requiring reducing. 


wnv ARE STERKOSCOI’IC PRINTS TRANSPOSED.^ 

This problem, although veiy simple, is somewhat puzzling. 
The stereoscopic prints are transposed to bring them into the 
position the object occupies when seen with the eyes. The 
two pictures numbered i and 2 represent the view as seen 
with the two eyes, the one marked “ L ” showing the view 
as it appears to the left eye and the one marked “ R ” show- 
ing the view as it appears to the right eye. Each tube of the 
stereoscopic camera inverts its own view ; therefore, when 
these pictures are turned a half revolution in their own planes, 
as shown in the second engraving, they represent the image 
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formed in the camera, and consequently the negative as seen 
from the glass side, also the print from the negative. 



By placing this double picture right side up, it will be 
seen that the images have been transposed in the camera in 
being inverted, and as the letters L and R now adjoin each 
other, the left hand view appears in front of the right eye, 
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while the right hand view appears in front of the left eye, as 
shown in Fig, 107. It is, therefore, obvious that to place these 



two pictures in position to correctly represent the views as 
seen by the eyes, they must be cut apart and transposed, 
when they will appear as in the first engraving (Fig. I06). 
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INSTRUMENT FOR VIEVVINC! LANTERN SLIDES. 

The photofifrapher or lanternist who has a larg-e accumu- 
lation of slides loses much of the pleasure and profit of his 
collection unless he is provided with an instrument of some 


Fig^ ioS. 

1 ^ 



Instrument for Viewing Lantern Slides. 


kind for viewing the pictures directly, without the use of a 
lantern. Several instruments of this character have been 
devised, most of which admit of the use of only one eye, 
thus making the examination of the views tiresome and un- 
satisfactory. 

Fig. io8 shows a very convenient instrument for this 
purpose, in which both eyes are used, giving an effect 
which is almost stereoscopic. The instrument, which is 
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shown in section, consists of two tin tubes sliding one 
within tlie other telescopically, and mounted adjustably on 
a standard. The lower end of the tube is provided with 
two grooved guides sitnilar to those used in the lantern for 
receiving slides. In the outer guide is placed a piece of 
fine ground glass, and the slides are inserted in the inner 
guide. Below the ground glass is hinged a reHector for 
throwing the light thnaagh the ground glass and slide. 
To the upper end of the telescopic tube is fitted a wooden 
ring in which is placed a plano-convex lens, with the plane 
side out. It is of sufficient diameter to admit of the use of 
both eyes in viewing the slide, and has a convenient focal 
length. Over the glass is placed a screen of black paper, 
with two apertures of about the size and shape of the lenses 
of an eyeglass, as shown at 2, and around the opening in which 
the lens is placed is arranged a hood for screening off ex- 
traneous light. The diameter of the plano-convex lens is 4J S 
inches and its focal length is 15 inches; the telescopic tube 
is 5 inches in diameter, and when extended for use has a 
length of 10 to 12 inches. 

By thus placing the plane side of the lens out, and ar- 
ranging the slide within the focus of the lens, the spherical 
aberration is almost overcome, and both eyes are enabled to 
view the picture. The effect is very satisfactory, and, as 
the view is considerably enlarged, at the same time being 
seen with both eyes at sht^rt range, the picture appears 
practically stereoscopic. With daylight only the plane 
mirror is required for proper illumination when the light 
comes from the sky or some plain light colored surface, but 
for lamp or gas light the lamp should have a plain porcelain 
or ground glass globe, or a piece of smooth white paper 
should be laid over the mirror to furnish light of the charac- 
ter required. 


THE HELIOCtlROMOSCOPE. 

Although photograph)' in colors is not yet an accom- 
plished fact, and although none of the experiments encourage 
the hope of its early accomplishment, yet, by a very interest- 
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ing, ingenious method and device invented by Mr. F. E. Ives, 
of Philadelphia, photographic pictures are shown with all 
the colors of nature. These wonderful effects are secured 
by means of photographs taken on orthochromatic plates 
through selective color screens. Three such jiictures are 
taken on one plate, each one representing one of the primary 
colors. From the tri[)le negative thus obtained a positive 

PU.. lOQ. 



fleliocliroinosct^pc 


transparency is made by contact, each picture and its several 
portions having the true color values. The partial images 
are identical as regards point of view and size ; each one, 
however, being transparent or semi-transparent only in those 
portions which represent tlie fundamental color belonging to 
the partial image. According to the modern theory of color 
vision, red, green and violet are considered the primary 
colors; consequently, the three pictures rejiresent these 
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three colors, and when viewed through an instrument pro- 
vided with red, green and violet colored screens, and fur- 
nished with means hir blending the three images into one, 
all the colors of the subject are shown. 

The simple instrument by which these pictures are super- 
imposed is shown in Fig. 109, and the arrangement of the in- 
ternal parts is shown in Fig. no. In the lower part of this 
figure is seen the triple transparency, or “ chromogram,” as 
the inventor chooses to call it. Above the three images are 
arranged three colored screens, marked R, G, and V. The 
image below R is transparent to red, but opaque to other 
colors, except in so far as it enters into combination with the 
other colors to produce intermediate tints. The same is true 
of the image below the colored screen, G, this photographic 
image being transparent to green and to other colors only 
as green combines with other colors to produce intermediate 
shades. The same also applies to the picture under the violet 
screen, it being transparent to vi(jlet and (jpaque to the other 
colors. 

After ])assing the colored screens, the images are super- 
imposed by a series of transparent and opaque mirrors. By 
following the line of the light beam passing through the red 
color screen, it will be seen to impinge on an opaque mirror 
near the top of the instrument, whence it is reflected to the 
upper surface c)f a transparent mirror, thence upward through 
the eyepiece. The light passing through the green screen is 
received on an opaque mirror and reflected to another opaque 
mirror at the center of the apparatus, from which it is re- 
flected through the two transparent mirrors above it to the 
eyepiece. The light beam passing through the violet screen 
is reflected by an opaque mirror to the transparent mirror 
at the center of the instrument, thence upward through the 
transparent mirnw to the evepiece. Thus by means of opaque 
and transparent mirrors the three colored images are super- 
imposed, and by means of the transparent and semi-trans- 
parent portions of the picture, the amount of light from each 
portion of the image requisite for producing the colors and 
their gradations is thus made to pass through the screens, 
mirrors and eyepiece to the eye. A reflector is placed un- 
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derneath each photographic image, so that each receives its 
quota ot light. The effect produced is wonderfully beautiful, 

Fk;. iio. 



Section of Heliocbn>m()scope 
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givinjf every color and every possible gradation of light and 
shade as faithfully as the object itself would do under the 
most favorable circumstances. 

The inventor states that the chromogram is a photograph 
made in a special camera, with no more ojicrations than arc 
re([uired to make an ordinary phot(jgraph, so that we arc led 
to believe that before very long amateurs having the special 
camera and the instrument through which to view the pic- 
tures will be able to show pictures in natural colors as readih' 
as they can now show stereoscopic views. 

Mr. Ives, by means of different apparatus, has projected 
photographs in C(jlors on the screen where they could be 
viewefi by a large number of spectators. 

It is an interesting fact that a triple negative placed in 
the instrument in place of the positive shows colors com])le- 
mentarv to those belonging to th^- object. 

LOI'A'I'I )K1AL > rANO I OR S.MAI.I. TKl.Es( OI’Es. 

One h(.)ur’s use of an etpiatorially mounted telescope will 
convince the amateur telescopist who lias been used to the 
altazimuth stand that the advantages possessed by the equa- 
torial are very great. The ease with which an object may’ 
l)e followctl, and the facility’ with which a star can be found, 
when the mounting is provided with graduated circles, which 
may even be crude, warrant the outlay’ if the stand be pur- 
chased, or the labor and expense, if the amateur should 
choose to make the stand with his own hands. 

The writer, adopting the latter ])lan, constructed a very 
satisfactory’ equatorial stand, using stopcocks for the two 
axes, as shown in perspective in P'ig. 1 1 1 and in detail in Figs. 
112 and 1 13, and although the construction may’ be readily 
understood by- reference to the illustrations, a few words 
of explanation may’ be of service. 

The telescope for which the stand was made has a 3-inch 
objective with focal length of 40 inches. The tube, which is 
of brass, is re-enforced by’ an internal plate, held in jilace by’ 
screws, and this plate receives the screws by’ which the 
attachment to the stand is made. 

On the top of the wooden part of the stand rests a brass 
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disk, which, together with the brass block, A, forms the base 
of the telescope support. To the ends of the block, A, are 
secured upright end plates, B. which are perforated near 
their upper ends. 


Fu;. III. 



Equatorial Stand for a Small Telescope. 


Between the [tlates, B, is placed a | gas service cock, C, 
the ends of which are plugged, and the stjuare ends of the 
pings are turned, ftjrniing trunnions, which enter the perfo- 
rations of the plates, B, but do not j)ass quite through. The 
trunnions are tap^ted to receive screws, on which are placed 
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washers, which bear against the plates, B, and clamp them 
against the ends of the stc^cock, which is faced off so that it 
is of exactly the same length as the block, A. The trunnions 
form the axis on which the telescope is tilted to adjust it for 
latitude, and one of the angles of the hexagon end of the 
stopcock is filed off even with the rounded upper end of 
the adjoining plate, B, and a line is drawn across the plate 
and stopcock when the polar axis of the telescope is parallel 
with the earth’s axis, so that readjustment may he made 
without trouble. 

The plug, D, of the stopcock, C, has a pn^jecting end, 
having one flat side, hi which is fitted the usual washer, a. 
This washer is turned down to receive the disk, which is 
soldered to the washer. The disk, is faced with wash 
leather. The end of the plug, D, which is threaded to re- 
ceive the nut, when the stopcock is applied to its intended 
use, is covered with a piece of tubing soldered to the screw, 
and turned off to receive the worm wheel, E, which turns 
freely thereon. 

I'o the end of the plug, D, is fitted a cap, F, which is held 
in [)lace, and made to exert more or less pressure on the 
worm wheel, E, by the thumbscrew, c\ which enters the end 
of the plug and bears on the cap. The cap, F, is perforated 
to receive two studs projecting from the end of the plug. 

On the smaller end of the stopcock casing is soldered a 
perforated plate, G, which supports the bearings for the 
worm, H. This worm engages the worm wheel, E, and its 
axis is prolonged beyond the bearings, to receive the uni- 
versal joint, /'/, of the rod, 1, this rod being of sufficient length 
to be easily grasped by the observer. The squared end of 
the plug. D, which is intended for receiving the key by 
which the plug is turned, is in this case turned and threaded 
to fit the bushing, r, inserted m one end of the stopcock, C. 
The other end of this stopcock is cut off, and the opening 
thus left is closed by means of solder. The plug, D', of this 
s<^opcock is unchanged so far as the threaded smaller end 
and washer and nut are concerned, but the nut,/, is slotted 
in diametrically opposite corners to receive wings which are 
soldered therein. The squ.ire end of the plug. O', is turned 
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and threaded to receive the boss, of the cross arm, J, at- 
tached to the telescope. The cross arm shown is built up 
of piece’s of brass fastened together with screws and soldered. 
A casting would doubtless be simpler. The plug, D', is 
drilled axially to receive the counterbalance rod, //, which 



is screwed into the plug, as indicated in the sectional view. 
The larger ends of the stopcock casings are rebated to 
receive the graduated circles, K, K', secured in place by 
small screws. 

Owing to the close connection of the parts, the circle, 
K, has an annular slot which cuts it into two concentric 
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pieces, held in proper relation to each other by arms, i, sol- 
dered to the back of the circle. 

This arrangement allows the circle, K', to swing freely. 

The hexagon end of the sto[)cock, C , which receives the 
bushing, c, is turned to receive the ring, y. carrying a beveled 
index piece, about .1 inch wide. A line drawn down the 
face of the piece, k\ serves as an index. In a similar way a 
ring.y , fitted to the boss, serves to carry an index for the 
circle, K . 

The circles here sln^wn are electrotypes made from a 
galvanometer scale, soldered to brass plates and silvered, 
some black varnish being rul)bed into the graduations to 
render them more distinct. 

The etiuatorial mounting is secured to the head of the 
wooden stand by the rod, screwed into the block. A, and 
provided with a milled nut on its lower end. 

In Fig. Ill the mounting is shown adjusted for the lati- 
tude of New ^’ork, 40 41'. The screw, r, and nut,/', being 
loosened, and the polar axis being parallel with the earth’s 
axis, the telesco{)C is pT)inted to a star or other object, when 
the nut,/, is tightened, thus clamping the declination axis. 
The screw, r, is also tightened, when the instrument will be 
made to follow the object by turning the screw, H. 

Although the slow movement is of great utility, it may 
be omitted and the instrument may be guided by the hand. 
The mounting may be further sim])litied by omitting the 
graduated circles, and still posse.ss great advantages over 
the altazimuth mounting. 

.\ stand formed of % service cocks is large enough for a 
3-inch telescojjc. It has a smooth and steady motion and 
does not vibrate. There is, however, no objection to the 
use of larger stopcocks. 

It is hai'diy practicable to apply a driving clock to a 
small telescope, mounted upon a tripod. Amateurs have 
ap])lied mechanism of different kinds, however, that seems to 
answer a purpose, but none of these appliances would seem 
suitable for really serious work. 

One of the .simplest devices for the i)urpo.se consists of a 
rubber gas-bag filled with air and furnished with a weighted 
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board connected with the telescope, the bag^ being pro- 
vided with a valve having a very small opening for the 
esca})e of air. The escape of air is regulated so as to 
cause the telescope to follow the object and keej) it in the 
field. 

Another plan, said to be effective, is that of using ([uick- 
sand in a evlinder having a small regulable discharge open- 
ing, and ])lacing on the sand a weighted i)iston which is 
connected with the telescope. It is stated that the how oi 
quicksand can be so regulated as to keep the object in the 
field for a hall-lKnir or an hour. 

The hints here given mav serve as suggestions. The 
amateur may carry out the work in different ways. The 
reader is referred to (riltson s " .\mateur Telescopist's 
Handbook” for simple instructions for using and adjusting 
the ctjuatorially mounted telescope. 

St.MI'l.K L.\MP SOCKET .\Mi kllEOS'l'.Vr. 

In the annexed engravings, big 1 14 represents a simple 
and etficient electric lamp socket, de- 
signed for use in experimental work ar.d 
in |)laces where an ornamental socket is 
not required. It consists simple o| .a 
small wooden evlinder m which is in- 
serted the end of a brass wire, the pro- 
jecting portion of which is bent to form 
a helical coil which tits the thread of 
the base of an Kdison incandesc'ent lamp. 

In the wooden evlinder is insert^il an- 
other brass wire of the same size, which 
is annealed, flattened, and bent over the 
end of the block as shown, to form the 
second connection of the lamj). 

I'o the ends of the wires projecting 
l)clow the wooden evlinder are soldered 
the ends of the flexible cord which con- 
veys the current to the lamp. By 
screwing the lamp down in the .socket. 


P'lG. 114. 



Simple L.imp Socket. 
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the button at the bottom is brought into contact with the 
flattened wire and the circuit is completed. By unscrewing 
the lamp, the circuit is broken. 

A convenient rheostat for experimental purposes is 
shown in Fig. 1 15. number of coiled wire sockets are at- 
tached to a board and connected with a wire leading to one 
of the binding posts at the end of the hoard. A correspond- 
ing number of flat copper strips are secured to the board 
and soldered to a wire leading to the other binding j)ost. 
Any one or all of the lamps mav be screwed di'wn in their 
sockets so as to throw them into the circuit. Lamps of any 


Fin. 115. 



Rheostat Formed of Lamps. 


resistance may be used, so that the rheostat can be adapted 
to the current to be controlled. 

With one lamp in the circuit, the resistance thrown in 
will, of course, be that of the lamp ; with two lamps of the 
same resistance, half that amount : with three lamps, one- 
third, and so on ; i. c., each lamp thrown in in parallel will 
increase the conductivity and diminish the resistance of the 
rheostat. 

It is not essential that all of the lamps should be of the 
same resistance. When lamps of different resistances are 
used, their joint conductivity is ascertained by adding the 
reciprocals of their resistances together. The reciprocal of 
this equals the joint resistance in ohms. For example, 
take three lamps or combinations of lamps having resist- 
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aiices of 50, 150, and 200 ohms respectively. The recipro- 
cals of these numbers are 1-50, 1-150, and 1-200, the sum of 
which is 19-600. The reciprocal of this is 600-19 ; joint re- 
sistance of three lamps in parallel will therefore be 31*6 ohms- 
Where resistance greater than that of one lamp is required, 
two or more lamps may be connected in series. 

HAND FEED ELECTRIC I.A.MP FOR LANTERNS. 

While a goc^d automatic lamp is undoubtedly preferable 
to a hand lamp for uses necessitating the absence of the 
operator from the vicinity of the lamp, it is certain that an 
ortlinarv hand lamp is not to be despised, and when the hand 
feed is supplemented with a magnetic device h^r striking the 
arc, the difference between the two types of lamps referred 
to is not to the disadvantage of the hand lamp when the lat- 
ter is used in a lantern or for some other j)ur])ose which 
j)ermits the operator to remain near the lamj), so that he 
may adjust it at intervals of about four or five minutes. 

The lamp shown in the illustration has been used for an 
(‘ntire evening without a flicker. The upper, or positive, 
carbon is cored, and the lower, or negative, is solid, hard 
Carre carbon. 

(^n the threaded rod e.xtending upward from the base 
plate is placed the sleeve, a, which is C(^nnectcd with the 
slide holder so as to have a slight inclination, as is usual in 
lamps f<)r lanterns, in order to expose more of the face of the 
crater of the upper carbon. The slide holder contains two 
slotted slides ; the one holding the upper carbon being 
inches long, the one holding the lower carbon being 5 I inches 
long, each being inches wide. To the lower end of the 
lower slide at b is pivoted an arm extending outwardly and 
svipporting the lower carbon-holding socket. To the arm 
near the joint thereof is secured an upwardly extending stud 
carrying an armature. An electromagnet having an elon- 
gated yoke is supported in front of the armature by brass 
studs attached to a brass cross-arm fixed to the lower slide. 
A curved brass spring fastened to the armature bears on the 
poles of the magnet and serves the double purpose of throw- 
ing the armature back and the carbon upwardly when the 
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armature is released, and of preventing^ the annature from 
Sticking to the magnet. 

The upper carboi -holding slide is provided witli a tixed^ 


Fig. ii6. 



Hand Feed Arc Lamp. 

arm extending outwardly and supporting an insulated car- 
bon-holding socket. These sockets are connected with their 
respectiv’^e arms by bolts, which are surrounded with soap- 
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stone insulators provided with flanges which separate the 
sf)ckets and the arms. The heads of the bolts are insulated 
by means of mica washers. The holes through which the 
bolts extend are made oblong to permit of adjusting the car- 
bt)ns in a way to secure the best results, that is, by arrang- 
ing the point of the hjwer carbon so that it will be slightly 
in front of the axial line of the up[)cr carbon when the lamp 
is in operation. 

In the slots of the carbon-holding slides are secured 
racks, which engage jiinions on the spindle jiiurnaled in the 
slide holder (Xo. 2). The pinion for the lower carbon slide 
has half as many teeth as there are in the pinion for the 
upper slide, so that when the spindle is turned bv the rub- 
ber hand wheel, the carbons are moved in proportion to 
their relative consumption. 

To an insulating strij) attached to the back of the slide 
holder are secured two binding posts for receiving the wires 
connecting the lamp with the current supply. One binding 
j)ost is connected with one terminal of the magnet, and the 
other terminal of the magnet is connected with the lower 
carbon socket. The other binding post is connected with 
the upper carbon socket. 

The magnet is wound with coarse wire( Xo. r6or Xo. 141, 
and the armature is adjusted to pull down the lower carbon 
about one-eighth of an inch. The carbon-holding sockets are 
formed of square brass tubing, with a screw at one angle 
which forces the carbon toward the opposite angle, and thus 
centers and aligns the carbons. 

The Edison direct current is suited to this lamp when 
about fifteen ohms resistance is introduced in series with the 
lamp. \ suitable range of current is eight to tweh’e am- 
peres. 

A rheostat like that shown on page 509, having iron wire 
coils large enough to carry the current, say No. 14, will be 
found convenient. If compactness is desirable, the rheostat 
may be made of German silver wire, the resistance of which 
is more than twice that of iron. 

The great advantage of the arc-striking device is that, 
after the carbons touch, the arc is instantly formed of the 
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right length, thus saving the* trouble' of any tine adjustnu nt 
by hand, and avoiding the possibility of any long continu- 
ance of a heavy current on the circuit. A very slight turn 
of the adjusting spindle, once in about lour minutes, insures 
perfect steadiness. It is well to lorm a habit of thus regu- 
lating the arc after each change of slides. The illustrations 
are approximately one-third size. 

UNSCIENTIFIC AND SCIENTIFIC DIVINING RODS. 

Notwithstanding the tendency of scientific knowledge 
and general enlightenment to dissipate superstition, the pro- 
portion of believers in certain kinds of demonstrations attri- 
buted to the supernatural is beyond belief ; yet when we find, 
on investigating the subject, that many coincidences have 
occurred which seem to establish the claims of the advocates 
of such beliefs, it is no wonder that some of these notions 
gain credence, especially in view of the fact that the majority 
of unsuccessful experiments arc never made known. 

The divining rod — so called — is a very ancient device, but 
the belief in its efficiency is as strong to-day as it ever was, 
yet there is no scientific reason why it should be of any use 
whatever for any of the purposes to which it is applied. The 
ancient divining rod consisted of a forked twig of hazel, apple, 
or any fruit-bearing tree. It was held in the hands with the 
branches both lying normally in the same horizontal plane, 
with the crotch pointed either toward or away from the 
body of the operator. It was carried in this position over 
the ground, and whenever the forked twig bent downwardly 
it indicated proximity to water, minerals or metals. The 
same performance is gone through with in these times, and 
we often hear of remarkable successes attained by modern 
operators. These successes are due {)artly to the good judg- 
ment of the operator, but mostly to sheer luck or chance. 
The dipping of the rod is not due to the action of the water 
or minerals, but to the voluntary or involuntary movement 
of the muscles of the hands and arms. If we assume that 
the operator is honest, we must admit the movements to be 
involuntary. In using the rod, the hands are held in a 
strained, unnatural position, which renders it very difficult 
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to hold 1I1C twi}; for any jrrcat Icnjjtth of time in the pre- 
scrihod position without causing the muscles to twitch and 
thus compel flic brancli to dip. 

riK.‘ forked twif^ is not the only device in \v\nc\\ C‘>n. 


fidence has been misplaced. Bamboo rods with lodesumc 
in one end and mercury in the other arc cx[)cctcd to di\» lor 
precious metals and water. A pendulum, formed 01 a via 
filled with the kind of ore looked for and suspend 
string, is supposed to be able to vibrate in a line Ic^d^g ^ 
the ore deposit, provided the device is used y AO 
but it is needless to say these arc as worthless as c * 


twig. 

The dipping needle is u.sed for the discovery of iron ore, 
but gyld and silver produce 110 effect on it. TIjc onlv ap- 
paratus likely to produce results (A any value in searching 
for precious or non-magnetic metals is some /orm of tdcc- 
trical induction apparatu.s, but such apparatus must news- 
sarily be very large to act over any considerable distance. 
Hughes’ induction balance, described elsewhere in these 
pages, has been modified to adapt it to use as an ore 
finder. 


As very little has been said about this apparatus, it is 
reasonable to suppose it failed to become an important 
factor in the search for j)recious metals ; however, it seems 
clear that any one having the secret of finding hidden treas- 
ure in the shape of ore t)r coin would not impart the secret 
readily to any or all of the host of inquirers dcairing an 
easy method of acquiring riches. The value of such pro- 
cess would be beyond estimation, as it could be used not 
only to discover riches secreted by the hand of man : it 
could also be utilized in bringing to light the precious 
metals hidden by Nature in the earth. It might also be of 
value to that class of human beings who seek to discover 
and surreptitiously draw on the accumulations of others. 

This apparatus, however, while it indicates the presence 
of some metal, docs not distinguish between metals, except- 
ing as it acts more powerfully' in the presence of magnetic 
metals, iron or nickel for example, than it does when it is 
placed in proximity to non-magnetic metals sucli as gold, 




by the writer, in which a coreless induction coil of peculiar 
construction is used in connection with the telephone for in- 
dicating the presence of metals. The induction coil consists 
of a primary coil, preferably of rectangular form, made of 
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course wire, No. iS, aiul e<mnc:cte(i witfi ;i rapul automatic 
circuit breaker aiul l>atterv. The seeoiularv coil is ruade <»( 
fine wire, No. },(\ and is arranj^e*! exactly at riy;hl angles to 
the coarse wire coil. A telephone is connected with iVie 
secontlary coil. If the j)riinarv circuit is cauitinuou.sly and 
ra|)i<llv interrupted while the coil is not in the vicinity of 
any metal or maj^netic material, no sound will be heard in 
the telephone, as all the inductive influences arc equal and 
o[)posi(e; but when the coil is held in proximity to a body 
of metal or mai^netic ore, this eciuilibrium is disturbed and 
the sound is heard in the telephone. 

The distance throu*;-!! which this instrument is operative 
tlepends upon the diameters of the coils and the strength of 
the current used in the primary coil. I he larsi’er the coil 
and tlu‘ lari^er the current, the <(rearer will l>e the inductive 
effect. As the induction is effective for only a few inches in 
an ordinary coil of 6 or 8 inches in leny^th, the instrument is 
u.seful for minerals lyin^ near the surface. It may be used 
to advantage on the sea bottom, along cliffs, in wells and 
borings, and ujion ground abounding in metals lying near 
the surface, bv simply causing it to pass over or near such 
surfaces. When it is to be used under water, it must of 
course be inclosed in a waterp>'oof casing of non-metallic 
material. This instrument is an inductivvn coil pure and 
simple. 


THREE SYSTEMS OF ELECTRIC DISTRIBUTION, 

Whatever effect patent litigation may have on the busi- 
ness side of an invention, it certainly is beneficial from a 
scientific point of view, as it brings out clearly and con- 
cisely the principles involved in such inventions. A case 
in point is the suit of the Edison Electric Light Company 
against the New Haven Electric Company, the subject 
being the three-wire system of electrical distribution. 
Without going into the merits of the case, we extract -from 
the testimony some diagrams and condense some of the 
descriptive matter to illustrate iis clearly as possible three 
methods of electric distribution. The experts in the case 
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tiirkk systems ok kli'CTkk; msmm:ms. jjj 


Fig. 122. 



Two Multiple Arc Circuits arranged Parallel. 


Fig. 123. 



Two Multiple Arc Circuits merged into the Three-Wire System, 


Ftg. 124. 



Water Analogue of the Three-Wire System. 
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have not only provided very clear clod rical diai^rains. but 
have furnished water analoj^ues lor each of the cases. 

In Fig’. Ii8 is illustrated the series svstem conunonly ein- 
ploved in electric arc lighting, h. being the engine ; G, the 
dynamo or generator; and // the ])ositive and negative 
conductors: and I’, b, i ■, 1 ‘, the arc lamps. In this case, as 
will be seen, the curixmt pa.sses from the dvnamo through 
all the lamps in the series. 

In Fig. 1 19 is given t'ne water xuuilogue, in which li is tlie 
engine, G the rotarv pump, /> xnul u the positive and negxi- 
tive pipes conveving' the watt.!, I', b, 1 ’‘, b, water motors 
arranged in series and operated one afti^r the other bv the 
water ])assing from the motor. 1'. to the motor, I'-, tt) the 
motor, lx thence to the mt)tor, I*, each motor using its ])ro- 
portion ol the energv. 

In Fig. I2C IS representetl the usual multij)le arc or j)ar- 
allel arrangement of incxuulescent lamps, K, as in the other 
case, being the engine; Cr, the generator ; /> and //, ])ositive 
and negative condiu tors ; ;uul I', b', b, b, lamps taking iIk- 
current from the positive conductor and delivering it with 
a certain fall of potential to the negxitivc conductor. 

In Fig. 121 is illustrated the water xinalogue of the multiple 
arc svstem, F being the engine, G the generator or ])nmp, 
b, 1-, ]•'. I\ water motors taking water from the |)ositive 
pipe and delivering it to the negative pi]'e, with a bill 
of potential due to the amount of energv absorbed in llie 
motors. 

In Fig. 122 are shown two like multi])le xirc systems pkiced 
parallel with exich other, with the positive conductor of one 
svstem adjoining the negative conductor of the adjacent 
system, the iirrow s indicating the direction of the current 
in each .system. It will be seen that if the same aimnint of 
energy is ab.sorbed in each of the.se two systems, the 
negative conductor, /b, of the ujjper .system must carry 
a negictive current exactly ecpial to the positive current 
carried in the conductor, />', of the lower system, and the 
currents in these two conduct<jrs, being eciual and opposite, 
would neutralize each other if carried (m the same conduc- 
tor, as indicated in Fig. [23, in which the negative conductor, 
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and positive conduclor, />', are mcrj^ed in one. With 
the generators, G' and G% arranges] in series, the electromo 
live force is 220 volts, which is suited to two 1 10 volt lamps 
in series. So long as efjual resistances are [)laced in the two 
parts of the three-wire circuit, the central wire remains 
neutral, and no current passes in either direction ; but 'a.s 
soon as this balance is disturbed by turning off or adding 
one or more lamps, a current due to the difference in resist- 
ance of the two branches passes over the neutral wire. This 
svsteru is aptly, though not perfectly, illustrated by the 
water analogue shown in I'ig. 124. 

In this case, two generators or puni|)S, G'. G*, circulate 
the water in the system, the upper outside pij>e represent- 
ing the j)ositive conductor, the lower pipe representing the 
negative conductor, and the central pipe the neutral con- 
ductor. Upon each side of the neutral pipe, and com- 
municating with the outside pipes, are motors corres- 
ponding to the lamps in the electric circuit. So long as 
the quantity of water consumed by the motors on both sides 
of the central j)ipe remains the same, the water circulates 
by ])assing forward through the upper pipe, through the 
motors and transversely through the neutral pipe, and re- 
turning by the lower pipe ; but .so soon as the equilibrium 
is disturbed by shutting off one or more of the motors on 
one side of the svstem, the water which would have been re- 
quired to run that motor must return to the ])umps through 
the neutral pipe, «^r be foiced outward through the neutral 
pipe, according as the positive or negative current is shut off. 

The Edison company holds that the three-wire system 
effects a theoretical saving of 62.I ])er cent, and an actual 
saving, due to the use of smaller neutral conductors in 
the feeding portions of the .system, of at least 75 per cent, in 
the cost of conductors. The conductors formerh’ repre- 
sented the largest item in the cost of tlie completed plant. 

The value of the invention' is shown bv the fact that 

•j 

almost immediately after the introduction of the three-wire 
system the electric lighting business increased enormouslv, 
and electric lighting was placed on a ba.sis which enabled it 
to compete succe.ssfully with gas at the lowest price. 



336 


EXPERIMENTAL SCIENCE— APPENDIX. 


SOME EFFECTS OF LARGE CURRENTS. 

During some of the earlier experiments with electricity 
as a motive power for railways, in which the rails were em- 
ployed as conductors of the current, it was observed that 
the wheels which received the current from the rails had an 
enormously increased traction while the current passed. 
This was at first attributed to the direct action of the cur- 
rent, then to molecular change caused by the electrical 
heating of the surfaces in contact: but the phenomenon has 
never been fully explained. 

The contact between the wheel and the rail under the 
conditions of actual use upon railways is scarcely mt)re than 

Fig. 12?. 



Apparatus for Showing Local Expansion, 


a short line. If the surfaces were perfect as well as infinite- 
ly hard and rigid, the contact would be simply a mathe- 
matical line. In reality the surfaces in contact are very 
small, so that any current meeting the resistance of such a 
contact must produce some heat, which becomes greater as 
the current is increased. Experiments show that a current 
of several amperes, having a pressure of one volt or less, is 
required to secure good results. 

Some interesting facts in regard to the local effects of 
large cui rents may be demonstrated by means of the simple 
apparatus shown in E'ig. 125, in which a long pivoted index 
carries a jaw for holding a metal plate, a, the edge of which 
rests at right angles upon the edge of a metal plate, by 
held by the fixed jaw. The free end of the index extends. 



SOME EFFECTS OF LARGE CURRENTS. 


337 


partly over the face of a scale secured to the trase of the 
instrument. The two jaws are insulated from each other 
and connected by wires with a secondary battery or other 
source of electricity capable of supplying a six or eight am- 
pere current with an electro-motive force of from one to 
two volts. When this current passes through the metal 
plates held by the jaws, the parts in contact expand instant- 
ly, as shown by the upward m«n'ement of the index; and 


Fig. 126. 



Rocker for Applied Heat. 


when the current ceases, the plates immediately contract, 
allowing the index to drop. Although the distance through 
which the index moves is small, it is measurable, and when 
the minuteness of the portion of the metal actually ex- 
panded is considered, it is seen that the expansion is ver}’ 
great. Different metals are not all affected in the same 
degree. As would be expected, the effect of the same cur- 
rent on good conductors, such as silver and copper, is less 
than it is on iron and German silver. 

The molecular changes effected in the metals are analo- 
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gous to those produced in the lead of the Trevelyan rocker. 
In this instrument, however, the expansion takes place in 
one only of the pieces of metal in contact, the other piece 
being contracted by the withdrawal of the heat by the cold 
metal. 


The form of Trevel^'an rocker shown in Figs.i26and 128 
has been designed with special reference to the comparison 
of the effects of heat from an external source, and heat gener- 
ated within the metal by the passage of a current through a 
point of resistance. The clamp> i.iounted upon the ui)right 
metal rods arc arranged for holding plates of different 
metals. The ritcking bar, which rests upon the edges of 
these plates, is of cylindrical form. In the side td the bar. 


Fu;. 127. 



Modified Rocker. 


at one end, is formed a narrow 
groove leaving ridges which rest 
upon the edge of one of the metal 
plates. In Fig. 126 the dark plate 
is lead. The rocking bar, of brass, 
is provided with a light index to 
show the vibrations. When this 
bar is heated by means of a flame, 
and ])laced upon the edges of the 
metal [)latcs, with the ridges in 


contact with the lead plate, it rocks violently, and if the 


index be removed, the rocker gives forth a musical note, 


which continues until the heat of the bar is reduced below 


the operative limit. This action is due to the local expan- 
sion of the lead by contact with the ridges of the heated bar 
and the subsequent rapid cooling of the lead on the separa- 
tion of the surfaces. These operations occur with great 
rapidity ; the two ridges alternating in the production of 
the effects. 


If, after cooling the heated parts, a heavy current is 
passed through the standards, the plates, and the bar, the 
same vibratory motion is at once set up, and while, in the 
case of the Trevelyan rocker, lead seems to be the only 
metal available for one of the surfaces, in the electrical 
rocker the results are the same in kind, although different in 
degree, with all the metals and alloys tried thus far. 
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■To render the movements clearly visible, a pendultim is 
aoDlied as shown in Fig. 128. The ring at the upper end of 
tne pendulum rod is provided with a set screw, which al- 
lows it to be shifted from one rocking bar to another. This 
arrangement also permits of placing the pendulum and bar 


Fig 128. 



Electrical Rocker. 


in working position, without the necessity of leveling the 
base of the instrument. The current from one small cell of 
secondary battery or from two large bichromate cells con- 
nected in parallel circuit is sufficient to cause the pendulum 
to begin to oscillate from a state of rest, and to increase its 
amplitude of vibration until it describes an arc of about 30°. 
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The heat generated b}’ the current is conducted away so 
rapidly as to permit of continuous operation. 

By raising the pendulum so as to bring the convex 
side of the rocking bar into contact with the eages 
of . the plates, and drawing the bar along lengthwise of 
the plates, first without the current and afterward with 
the current flowing through the apparatus, a great increase 
in friction wid be noticed as the current passes, the in- 
creased friction being due to the jutting out by expansion of 
points upon both the edges of the plates and the side of the 
rocking bar. 

In Fig. 1 27 is shown a slightly modified form of rocker in 
which a plate with a graduated series of notches is used in 
connection with a cylindrical bar. 

In the case of the rocker with the attached pendulum the 
taps of the rocker upon the edge of the plate are as distinct 
and regular as the ticks of a French clock. 

LON(} DISTANCE TELEPHONY. 

The difference between the ordinary and the long dis- 
tance telephone systems lies not so much in the instruments 
used for transmitting and receiving sjiecch as in the lines. 
The fundamental thing in the long distance telephone is 
a metallic circuit, /. < a line in which the current returns 
through a wire instead of tlie ground. Another important 
difference is that the wire used in the construction of the 
line is of very high conductivity. By the employment of 
the metallic circuit the effects of induction are nil; the 
induction in both wires being eciual and in opposite direc- 
tions in the receiving instrument, exactly neutralize each 
other. Where the long distance line is in a cable con- 
taining other lines, the two wires are usually twisted, to 
subject them both to exactly the same inductive influence. 

These are important points, and it is, of course, neces- 
sary to employ an efficient transmitter. The one com- 
monly used on long distance telephone circuits -is known 
as the “ Hunning transmitter,” shown in section in Fig. 
129, for which we are indebted to Prescott’s “ Electric 
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Telephone.” The diaphragm cell is made of insulating 
material, and arranged to clamj^ a diaphragm, D, ol thin 
platinum foil or ferrotype plate, the diaphragm being 
held in place in the cell by a ring, A. In the cell is ar- 
ranged a back plate, B, of brass, the space intervening 
between the back plate, B, and the diaphragm, D, being 
filled with a body, G, of loose, finely divided conducting 
material, preferably finely granulated coke, sifted so as tore- 
move all fine dust. Oven-made engine coke is recommended 
for this purpose. The binding screws, C, C, are placed in 
connection with the diaphragm, D, and back plate, B. 

Fig, 129. 



The flunning Transmitter, 


This transmitter may be used in a circuit with a battery 
and Bell receiver, or the transmitter and batterv mav be 
arranged in circuit with the primary wire of an induction 
coil, the secondary wire being connected with the line 
wires extending to a distant point, and there provided 
with a Bell receiver. This transmitter has been tested by 
Prof. Cross along with the Edison and Blake transmitters, 
with the following results : The average strength of the cur- 
rent flowing with the Edison transmitter was o’loo milliam- 
pere ; with the Blake transmitter, 0*138 milliampere ; and 
with the Hunning transmitter, 0*560 milliampere. 
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SYNTONIC WIRELESS TELEGRAPHY.* 

The very rapid advances which have been made in the 
art of telegraphy through space continue to attract much 
attention to this fascinating subject. What was stated 
yesterday to be impossible has now become possible, and 
what we regard as almost insurmountable difficulties may 
be removed in the immediate future. 

It is my desire in this paper to give .i description of 
progress made, with special reference m ilie results ob- 
tained bv tuning or syntonizing the installations. So 


Fto. 130 


Fio. 1 31 



long as it was possible to work only two installations 
within what I may call their sphere of influence, a very 
important limit to the practical utilization of the system 
was imposed. With simj)le vertical wires, as shown in 
Fig. 130 and Fig. 131, connected directly to the coherer and 
spark gap at the receiver and transmitter, as used by my- 
self before 1898, no really satisfactory tuning was possible. 
It was, however, possible to obtain a certain selection of 
signals if various stations in the vicinity used vertical wires 


* Paper read by Marconi before the Society of Arts. 



\V1 KKLKSS Ti:LEC;RAPIiY. 


343 


(liffcritig very considerably in length. Thus two stations 
communicating over a distance of say five miles and using 
wires loo feet long, would not interfere with the signals 
transmitted by the other two stations, say two miles from 
the first, which were using aerials only 20 feet long and 
communicating over a distance of about one mile. 

The new methods of connecting which I adopted in 
1898 — i. e. (see Fig. 136), connecting the receiving aerial 
directly to earth instead of to the coherer, and by the intro- 
duction of a proper form of oscillation transformer in con- 
junction with a condenser, so as to form a resonator tuned 
to respond best to waves given out by a given length of 
aerial wire — were important steps in the right direction. 

I realized a long time ago that one great difficulty in 
achieving the desired effect was caused by the action of the 
transmitting wire. A simple straight rod in which electrical 
oscillations are set u[) forms, as is well known, a very good 
radiator of electrical waves. If this was in the beginning an 
advantage, by allowing signals to be received with a small 
amount of energy over considerable distances, it proved 
later to be one of the chief obstacles in the way of t^btaining 
good resonance in the receiver. Now. as Dr. Fleming points 
out so clearly in his Cantor lectures on “ Electrical Oscilla- 
tions and Electric Waves,” delivered before this society in 
November and December of last year, there is in connec- 
tion with this j)art of the subject one point of great interest. 
“ Both theoretical and experimental research show that in 
the case of conductors of a certain form the electric oscilla- 
tions die away with great rapidity.” In all what we call 
good radiators, electrical oscillations set up by the ordinarj" 
spark discharge method cease, or are damped out very 
rapidly, not necessarily by resistance, but by electrical 
radiation removing the energy in the form of electric 
waves. 

Many mechanical analogies can be quoted which will 
point out the necessity of designing a persistent oscillator, 
in order that syntony may become apj)arent in properly 
tuned resonators. Acoustics furnish us with numerous 
examples of this fact, such as the resonance effects pro- 
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duced by the well-known tuninij-fork experiment. Other 
illustrations of this principle may be ^iven, e. g., if we have 
to set in motion a heavy pendulum by means of small 
thrusts or impulses, these must be timed to the i)eri()d of 
oscillation of the pendulum, since otherwise its oscillations 
will not acquire any perceptible amplitude. An illustration 
of this fact occurred to me some time ago while I was 
watching the ringing of great bells in an Italian cathedral. 
As most of you probably know, the hells In many churches 
in Italy, as elsewhere, arc rung from the bottom of the 
tower bv means of ropes attachefl to the bells. The largest 
bells weigh several tons, and it usuallv requires two men to 
work for perhaps two minutes on the ropes before the 
combined effect of their pulls is sufficient to get the bell 
to attain an amj)litiide large enough to cause the hammers 
to strike. I observed on the occasion to which T allude 
that it required for each bell a number of well-timed pulls 
on the r(jpes in order to get them to swing, the larger bells 
requiring inq)ulses further apart —i. e., of a lower frequency 
— than the smaller ones. It is perfectly obvious that if the 
pulls on the ropes had been wrongly timed it would have 
been impossible, with the same amount of power, to ring 
the bells. The same kind of effect happens in a verv small 
fraction of a second (instead of several minutes) when we 
try to induce electrical oscillations in a good resonator. If 
the form of this resonator be such as to cause it to be a 
persistent vibrator — i. e., one in which the electrical oscilla- 
tions are not rapidly danq)ed by resistance or radiation of 
waves — then it is necessary for us to employ a number of 
properly timed electrical oscillations radiated from a per- 
sistent f)Scillator tuned to the period of the resonator we 
desire to affect. (Figs. 138 and 139.) 

As I pointed out before, a transmitter consisting of a 
vertical conductor as shown in Fig. 130 is not a very per- 
sistent o.scillator. Its electrical capacity is comparatively 
so small and its capability f)f radiating waves so great, that 
the oscillations which take place in it must be ccrnsiderably 
damped. In this case receivers or resonators of a consider- 
ably different period or pitch will respond and be affected 
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by it. From the results obtainecl it wcjulfl seem as if the 
transmitter were vsendiiij^ out a great variety of electric 
waves, resembling therefore a source of white light, and 
that each resonator picks out and responds to its own parti- 
cular wave length. 

This view, however, is incorrect ; the fact that, given 
certain conditions, vari<»us resonators will respond, even if 
their ])eriod be different from the natural perio<l of oscilla- 
tic)n ()f a transmitter, is to be accounted for by the con- 
sideration that all tlic energy of the transmitter is radiated 
in only one or two swings, with the result that f)Scillations 
may be induced in resonators of different periods, while, if 
the same amount of energv be distributed in a great num- 
ber of individual feeble impulses, their combined effect can 
onlv be utilized or detected by a resonator tuned so as to 
respond to their particular frequency. The tuned resonator 
will not tlu-n respond to the first two or three oscillations, 
but only to a longer succession of properly timed impulses, 
so that only after an accumulation of several swings the 
E..^f.F. becomes sutficient to break down the insulation of 
the coherer and cause a signal to be recorded. 

Notwithstanding the disadvantages for obtaining elec- 
trical tuning, attributed to the form of transmitter shown 
in Fig. 1 30. selection of messages is possible when using, say, 
two or three transmitters having wires of considerable dif- 
ferent lengths, and the induction coil or oscillation trans- 
formers on the receivers wound with varying lengths of 
wire in their .secondarv circuits, in order to cause them to 
be in tune or resonance with the length of wave of the 
transmitted oscillations, as pointed out in my British patent, 
dated June i, 1898. This reads: “It is desirable that the 
inductit)!! coil should be in tune or syntony with the elec- 
trical oscillations transmitted, the most approj)riate number 
•of turns and most approi)riate thickness of wire varying 
with the length of wave transmitted.” 

The following experiment which has been successfully 
tried proves this point. At St. Catherine’s, Isle of Wight, 
we had a transmitting station having a vertical wire 45 
meters long, and at sea, 10 miles from our receiving station 
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at Poole, a shii) with transmitting wire of 27 meters, li is 
therefore obvious that the wave length of the electric oM’ii- 
lations radiated from St. Catherine’s differed consideraoly 
from that radiated from the ship. Nt)w, if at the receiving 
station at Poole we connected to a vertical wire two receiv- 
ers, one having an induction coil with secondary in tune 
with the length of wave emitted by St. Catherine’s and the 
other with that emitted by the 27-meter feed wire on the 
ship, if St. Catherine's and the ship transmit simultaneously 
two different messages, these will be picked up at Poole, 
and each message will be reproduced distinctly on its 
receiver. 

I pointed out in a patent specitication dated December 
19, 1899, that the best results are obtained when the 
length of wire of the sccondarv of the induction coils is 
ecpial to the length of the vertical wire used at the trans- 
mitting station ; therefore the length of tin* secondary 
of the receiving induction coils was made ecjual to that 
of the transmitting wire. 

These results, although in a way satisfactorv, did not 
appear to my mind a complete solution of the problem. 1 
found it impossible to obtain the two messages at the receiv- 
ing station, if the tw(^ transmitting stations were placed at 
ecpial distances from it. The following considerations may 
perhaps explain this failure. If the 27-metcr transmit- 
ting wire was placed at the same distance from Poole 
as the 45-meter one — i. e., 31 miles — the waves emitted 
by the 27-metcr wire would be too weak when they 
reach Poole to affect the receiver. On the other hand, if 
the 45-metcr transmitter was placed at lo miles from the 
receiver, then the waves radiated by it would be so stn'mg 
as to affect the receiver tuned to respond to the 27-metcr 
transmitter, and blur the signals. 

It thus became apparent that some tlifferent form of less 
damped radiator was necessary, in order to obtain more 
practical and more nseful results. 

I carried out a great number of experiments by adding 
to the radiating and receiving wires inductance coil, on a 
principle similar to that suggested by Lodge in his 1898 
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jtatfiit, but without obUiininj^ any satisfactory results. The 
lailure was ])r()bal)ly due to the fact that the electrical 
capacity of the exposed conductors became too small 
in proportion t(; their inductance. I then tried various 
methods for increasing the capacity of the radiating 
system. The first and obvious mode of effecting this is 
by an augmentation in the size of the exposed conductor, 
but this method is not entirely satisfactory, in consequence 
of the circumstance that an increased surface means 
increased facility for radiating the energy during the first 
oscillations, and also because large plates or large exposed 
areas are impracticable on board ship, and are ahva3's diffi- 
cult t(^ suspend and maintain in good position during windy 
weather. The way out of t\ie diff\cu\ty was discovcteA \iN 
adopting the arrangement shown in Fig. 132. WcteweWve 

Fiii, 132 





an ordinary vertical radiator placed near an earthed con- 
ductor, the effect of an adjacent conductor being obviously 
to increase the capacity of the electrical radiating wire 
without in any way increasing its radiative power ; and, 
as I had expected, syntonic residts were not difficult to 
obtain with such an arrangement. Mention of this method 
has been made b\' Captain Ferric, one of the members of 
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the French Commission which was present at the tests car- 
ried out across the English Channel in 1899, in a paper on 
wireless telegraphy. See paper “ Etat Actuel et Progr^s 
de la Telegraphic sans Fil,” read before the Congres Inter- 
national d’Electricite, Paris, 1900. 

Satisfactory results were obtained, and 1 was encouraged 
to continue my researches in order to improve the system. 

Early in 1900 I obtained very good results with tlie 
arrangement shown in Fig. 133. This arrangement is hilly 
described in a British patent application applied for by 
myself on March 21. 1900. In it the radiating and 

resonating conductors take the form of a cylinder, the 
earthed conductor being placaal inside. d'his 01 m of 
radiating and receiving areas is much more etticicnt than 
the one I have prcviouslv described. One necessarv con- 
dition <tf this system is that the inductance of the two con- 
ductors should be unccpuil.it being [)referable that the large 
inductance should be joined to the non-earthed conductor. 
I presume that in order to radiate* the necessary amount of 
energy it is essential that there sliould be a difference in 
phase of the oscillations in the two conductors, as otherwi.se 
their mutual effect would be to neutralize that of each other. 
In the first experiment mentioned by Capt. Ferric, this was 
obtained by simply using an earthed conductor shorter 
than the radiating or resonating one. When 1 used an 
inductance between the spark gap or oscillation producer 
and the radiating conductor, I found it possible to cause 
the electrical period of oscillation of the receiving cylinder 
to corre.sj)ond to that of one out of several transmitting sl.i- 
tions, from which one alone it would receive signals. The 
results obtained by this system have been remarkable. By 
using cylinders of zinc only 7 meters high and 1.5 meters in 
diameter, good signals could easily be obtained between 
St. Catherine’s, Isle of Wight, and Poole (distance 3 1 miles), 
these .signals not being interfered with or read by other 
wireless telegraph installations worked by my assistants or 
by the Admiralty in the immediate vicinity. The closely 
adjacent plates and large capacity of the receiver cause it 
to be a resonator posse.ssing a very decided period of its 
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own — i. e., it becomes no longer apt to respond to frequen- 
cies wliich differ from its own particular period of electri- 
cal oscillation, nor to be interfered with by stray ether 
waves which are sometimes probably caused by atmospheric 
disturbances, and which occasionally prove troublesome 
during the summer. 

It seemed very remarkable to me during ray first test 
that an arrangement similar to that shown in Fig. 133 should 
prove to be a good radiator, and should enable such a con- 
siderable distance to be achievecl with cylinders of so 
moderate a height. It is j)robable that the great majority of 
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Fig. 134 



the electrostatic lines of force must pass dircctlv frtim one 
cvlimler to the other, but it must be also true that a certain 
number leave the outer part of the external cylinder, exactly 
as in the case of an ordinary radiator. 

The receiver is not shown in the sketch, but consists of 
similar cylinders to tho.se used for transmitting the receiv- 
ing induction coil or oscillation transformer, being placed 
where the sjiark gap is shown in Fig. 133. 

The capacity of the radiator due to the internal con- 
ductor is, however, comparatively so large that the energy 
set in motion by the spark discharge cannot all radiate in 
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one or two oscillations, but forms a train of slowly damped 
oscillations, which is just what is required. A simple verti- 
cal wire, as shown in Fig. 130. may be compared with a hol- 
low sphere of tin metal, which, when heated, would cool 
very rapidlv, and the concentric evlinder system with a 
solid metal sphere, which would take a longer time to cool. 

Mr. W. G. Brown suggested, in a patent specilication 
dated July 13. 1899, the use of two conductors of equal 
length joined to each side of the spark gap. but he did 
not describe the inductance in series between them and 
the spark gap. which, acc<»i'ding to iny experience, is abso- 
lutelv necessarv tor long distance work. 

Another verv successful syntonized transmitter and 
receiver system was the oulcome ol a series of experi- 
ments carried out with the discharge of Levden jar cii'cuits. 
Taking for granted that the chief diHicnlty with the old 
system, as shown in Fig. 1 30. lies in the fact, :is already 
stated, that the oscillations are very dead beat, 1 tried In 
means of associating with the radiator wire a condenser 
circuit, which was known to be a ])ersist(“nt oscillator, to 
set U}) a scries of persistent oscillations in tlu‘ transmitting 
vertical wire. 

An arrangement, as shown in I'ig. 135, which consists of 
a circuit ccjntaining a conden.ser and spark gap, constitutes 
a verv persistent oscillator. Prof. Lodge has shown us 
how, bv placing it near another similar circuit, it is possible 
to demonstrate interesting effects of resonance by the 
experiment usually referred to as that of Lodge’s .syntonic 
jars. 

But, as Lodge points out, “a closed circidt such as this 
is a feeble radiator and a feeble absorber, so that it is 
not adapted for action at any distance.” I very much doubt 
if it would be possible to affect an ordinary receiver at even 
a few hundred yards. It is very interesting to notice how 
easy it is to cause the energy contained in the circuits of 
this arrangement to radiate into space. 

It is sufficient to j)lace near one of its sides a straight 
metal rod or good electrical radiator; the only' other condi- 
tion necessary for long distance transmi.ssion is that the 
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period of oscillation of the wire or rod should be equal to 
that of the nearly closed circuit. 

Stronger effects of radiation arc obtained if the radiating 
conductor is partly bent anjund the circuit including the 
condenser (so as to resemble the circuits of a transformer). 

I first constructed an arrangement, as shown in Fig. 141, 
which consists of a Lcvden jar or condenser circuit in 
which is included the primary of what may V)e called a 
Tesla coil, the secondary of which is connected to the earth 
or aerial conductor. The idea of using a Tesla coil to jwo- 
duce the oscillations is not new. It was tried by the Post 
Otiice officials when experimenting with my system in 
1898, and also suggested in a patent specification bv Dr. 
Txxlge, dated May 10, 1897, and by Prof. Brauii, in the 
specification of a jiatent dated January 26, 1S99. My 
idea was to associate with this compound radiator a 
receiver tuned to the freciuency of the oscillations set 
up in the vertical wire by the condenser circuit. My 
first trials were not successful, in conscipience of the 
fact that 1 had not recognized the necessity of attempting 
to tunc to the same |)eri.<d of oscillation (or octaves) the 
two electrical circuits of the transmitting arrangement 
(these circuits being the ciicuit consisting of the condenser 
and primary of the Tesla coil or transformer, and the aerial 
conductor and secondary of the transformer). 

Unless the condition is fulfilled, the different periods of 
the two conductors create oscillations of a different fre- 
quency and phase in each circuit, with the result that the 
effects obtained are feeble and unsatisfactory on a tuned 
receiver. The syntonized transmitter is shown in Fig. 134. 
The period of oscillation of the vertical conductor, zJ, can be 
increased by introducing turns, or decreased by diminishing 
their number, or by intn)ducing a condenser in the series 
with it. The condenser, c, in the primary circuit is con- 
structed in such a manner as to render it possible to vary its 
electrical capacity. The receiving station arrangements are 
shown in Figs. 136 and 137. 

Here we have a vertical conductor connected to earth 
through the primary y' of a transformer, the secondary 
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circuit j ^ of which is joined to the coiicrcr or detector. In 
order to r 7 iake the tuiiinj^ more marked, 1 place an adjustable 
condenser across the coherer in Fijjf. 136. Now, in order to 
obtain the best results, it is necessary that the free period of 
electrical oscillations of the vertical vire primary of trans- 
former and earth connection should be in electrical reson- 
ance with the second circuit of the transformer, which in- 
cludes the condenser. 

I stated that in order to make the tuning more marked I 
placed a condenser across the coherer. This comlenser 
increases the capacity of the secondary resonating' circuit 


Fir,. 133 Fig, 136 



of the transformer, and in the case of a larg'c series of com- 
paratively feeble, but properly limed, electrical oscillations 
being' received, the elfect of the .same is summeil up until the 
E.M.F. at the terminals of the coherer is sufficient to break 
down its insulation and cause a signal to be recorded. 

In order that the two systems, transmitter and receiver, 
should be in tunc, it is necessary (if we a.ssume the resistance 
to be very small or negligible) that the product of the 
capacity and inductance in all four circuits should be c(|ual. 
A more com[)lete and detailed de.scription of this s>'stem is 
given in a British patent granted to me, dated April 26, 1900. 
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T have recently found that Prof. Braun has recognized the 
necessity of tuning the circuits of the transmitter and receiver 
when using a Tesla coil in order tej obtain syntonic effectSj 
but 1 am not aware that such a proposal was ])ublished prior 
to the description given in the above-mentioned patent. 

Although little difficulty has been encountered in measur- 
ing the cajiacity used in the various circuits, the measure- 
ment or calculation of the value of the inductance is not so 
easy. 1 have found it impracticable, by any of the methods 
with which I am acquainted, directly to measure the induct- 
ance of, say, two or three small turns of wire. As for calcu- 
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lating the inductance of the secondary of small transformers, 
the mutual effect of the vicinitv of the other circuits and the 
effects due to mutual induction greatly complicate the 
])roblem. 

Experiments have confirmed the fact that the receiving 
induction coils having the secondary wound in one layer and 
at a certain distance, say, two millimeters (to cause the 
capacity to be so small as to be negligible), have a time 
period apjiroximately equal to that of a vertical conductor 
of eipial length (see patent granted to G. Marconi, dated 
December ig, iSgg). 



354 


EX 1 > K K I M E N r A I. sc 1 KN ( ' K — A 1 ’ I • i : N I ) l X . 


If, therefore, we are using an induction coil having a 
secondary 40 meters long on the receiver, 1 should use a ver- 
tical wire 40 meters long at both transmitting and receiving 
stations. By so doing 1 have the two circuits at the receiv- 
ing station in tune with each other, and I only have to 
adjust the capacity of the condenser at the transmitter, 
-which can easily be done, either by means of a condenser 
having movable plates that can be slid, more or less, over 
each other, or by adding or removing Leyden jars. 

If we start witli a very small capacity which we gradu- 
ally increase, a value of the capacity will be reached 
Avhich will cause signals to be recorded on the receiver. 
Supposing the receiving system to be within the sphere of 
action of the transmitter, then the signals will be strongest 
when the capacity of the condenser is of a certain value. If 
we still increase the capacitv, the signals will gradually die 
away, while if we go on increasing the caj)acily, and at the 
same time add inductance to the aerial, to keep it in tune 
with the condenser jar circuit, we are still radiating waves, 
but these do not affect the receiver. If, however, at the 
receiving station, we add inductance or capacitv to the wire, 
A, Fig. i.^b, and also to the ends of the secondary y 2, we 
find ourselves able to receive messages from the transmitter, 
although we are utilizing waves of a different frequence. 

It is easv to understand that if we have .several receiving 
stations, each tuned to a different ])eriod of electrical vibra- 
tion, and of which the corresj)onding inductance and capa- 
city at the transmitting .station are known, it will not be 
difficult to transmit to any one of them, without danger of 
the message being j)icked up by the other stations for which 
it is not intended. But, better than this, we can connect to 
the same vertical sending wire, thr(jugh connections of dif- 
ferent inductance, several differently tuned transmitters, and 
to the receiving vertical wire a number of corresponding 
receivers. Different messages can be sent by each trams- 
mifter connected to’the same radiating wire simultaneously, 
and received equally simultaneou.sly by the vertical wire 
connection to differently tuned receivers. A further im- 
provement has been obtained by the combination of the 
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two systems. In this case the cylinders are connected to 
the secondary d f)£ the transmitting' transformer, and the re- 
ceiver to a properl}’ tuned induction coil, and all circuits 
must he tuned to the same period as already described. 
(See I'ig. 143.) 

The tuning of the receiver to respond to the period of the 
transmitter, as used in the old form of transmitter shown in 
Fig. 130, or in the new one shown in Fig. 134, has enabled 
results to be obtained over considerable distances with 
moderate heights. 

Signaling has been successfully carried out over a dis- 
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tance of 50 kilometers with a cylinder only 1.-5 meters high, 
40 inches in diameter. 

This has led to the possibility of constructing j)ortable 
apparatus for armv purposes, which should be of great ser- 
vice in the field. I have succeeded in constructing a com- 
plete installation on a steam motor car. On the roof of the 
car there is placed a evlinder which can be lowered when 
traveling, its height being onlv six or seven meters, and by 
this means communication has been easily carried out with 
a syntonized station over a distance of 31 miles. A 25-ccnti- 
rncter spark induction coil worked by accumulators and 
taking ab(tut 100 watts is usetl for transmitting, and 
the accumulators can be recharged by a small dynamo 
worked by the car motttr. 1 believe such an appliance might 
have been of use to the besieged garrisons in South Africa 
and China. 

A strip of wire netting laid on the ground is sufficient 
for earth connection, and by dragging it along cbnimunica- 
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tion can be established, even wlicn the cur is traveling. I 
hav'e recently obtained as good results bv not using any 
“connection” to earth, but only utilizing in lieu of earth the 
electrical capacity of the boiler of the motorcar. I also find 
that signals can be transmitted a considerable distance with 
the cylinder in a horizontal position. 

Last spring T recognized the desirability of carrying out 
tests between stations situated at mueh greater distances 
apart than had been atle ip'tod heret('fore. .V station was 
established at the Lizard, Cornwall, and (ui the lust attempt 
communication was effected with St. Catherine’s, Isle of 
Wight, over a distance of iSd miles, which I believe is the 



record distance over which signals have been sent through 
space without wires. It is interesting to observe that sig- 
nals were obtained over this distance with the transmitting 
apparatus as shown in Fig. 130, or with the arrangement 
shf)wn in Fig. 134, provided alw.ays that a suitable resonat- 
ing induction coil was employed at the receiving station. 

The amount c>f energy used for signaling over this dis- 
tance is not more than 1 50 watts, but ex])eriments with a 
larger amount of energy will shortly be carried out. In the 
case of the 186-mile transmission, the aerial conductor con-' 
sisted of ftnir parallel vertical wires, 1.50 meters apart, 48 
meters long, or in a strip of wire netting of the same 
length. 

It is interesting to note that in order to communicate 
between my stations at Poole and St. Catherine’s (distance 
31 miles) with the same amount of energy and the same kind 
of aerial wire, this must be 20 meters high to obtain signals. 
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of about the same strength as those obtained between the 
1 86-mile stations with the 48-meter aerials. 

This goes to confirm many other results previously 
obtained, which indicate that with a parity of other con- 
ditions the distance varies with the square of the height of 
the vertical conductors at the two stations. I have always 
found this law fulfilled, if the height of the conductors at 
the two stations is approximately equal, although an attem[)t 
has been made recently to throw doubt upon its cor- 
rectness. 

In March, 1900, there were in use in the Royal Navy in 
South African waters five installations of my system. 
The Admiralty was ap}»arently well satisfied with its work- 
ing, since in May of last year they decided to extend its 
adopti(m to thirty-two more shij)s and land stations. The 
conditions of the contract were that each apparatus, before 
being accepted, should be satisfactorily worked b\' naval 
signalmen between two shi])s anchored at Portsmouth and 
Portland, over a distance of 62 miles, a considerable portion 
of which — i. e., 18 miles — lies over land, with intervening 
hills; and the height of aerial wire was specified not to ex- 
ceed on each ship 49 meters. The apparatus was delivered 
in a comparatively short time, no sets having been found 
unsatisfactory. The apparatus supplied to the Admiralty 
is so far all of the old pattern — i. e., the non-syntonized 
system — and I have been informed that messages have 
been transmitted and received by naval signalmen 
between ships more than 160 kilometers apart. It 
sometimes occurs that the unfamiliarity of the opera- 
tors with the particular kind of apparatus used causes 
unsatisfactory results to be obtained, but I believe this trou- 
ble will soon disappear. I am glad to be able to state that 
arrangements are being made to install my new syntonic 
apparatus upon several of His Majesty’s ships. I believe 
that in no other navy in the- world is wireless telegraphy 
being worked regularly over such considerable distances. 
My system is also used for communication between the 
Borkum Riff and Borkum lightship, in Germany, where an 
-ordinary commercial charge is made for messages received 
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from ships, and it is employed further on the Nord-Deutscher 
Lloyd mail steamer “ Kaiser Wilhelm der Grosse.” 

According to an official report of the Imperial postal 
authorities of Oldenburg, the total number of commercial 
wireless telegrams transmitted from and to the lightship 
betAveen May 15 and the end of October amounted to 565, 
and of these 518 came from ships at sea, while 47 were trans- 
mitted to ships. Of the 518 telegrams 35.7 per cent were 
addressed to the North German Lloyd, and 64.3 per cent to 
other shijiping firms. 

The installations are worked by ordinary operators in a 
most satisfactory manner, and on one occasion assistance 
was obtained for a man who was taken suddenly ill on the 
Borkum Riff, and it was thus made possible to hand him 
over promptly for medical treatment on shore. 

Before concluding, 1 wish to say a few words on a 
method proposed by Prof. Slabv, and with which 1 have 
also carried out some experiments. As transmitter, Slaby 
uses an arrangement as shown in Fig. 140, which consists of 
a vertical conductor, in which is interposed a condenser, K, 
and a spark gap, B. The top of the wire is not free, but is 
connected to earth through an inductance, C D, and a 
wire, E. 

At the receiving station the arrangement shown in Fig. 
144 is employed. It consists of a vertical conductor, D C, 
connected to earth at C, Avhich should be the nodal point of 
the waves indviced in the wire, D C, where there is joined 
another wire, termed an extension wire, of equal length. 

In this case Slaby places an apparatus which he calls a 
“ multiplicator,” connected to the coherer between the end 
of the extension wire and the earth, or by another arrange- 
ment (Fig. 144), he uses a loop wire, F G H D C E, the 
multiplicator being placed between E and F, in series with 
the extension wire,y. By means of this arrangement, Slaby,. 
on the 22d of December of last year, showed the reception 
of two different messages sent from two transmitting sta- 
tions situated at unequal distances from the receiving sta- 
tion to be possible, one station being at 4 kilometers and the 
Other at 14 ; thus obtaining a result which may be consider’ed 
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similar to that obtained by ine some months previously over 
longer distances. 

We are not told what was the amount of energy used for 
the transmissi(jn nor the height of the vertical conductor at 
the receiving station or at the transmitting station at the 
Aberspree Kablewiirks. We are only told that the trans- 
mission wire was suspended between the chimney shafts. 
Very little information is given as to the appliance which 
Dr. Slaby calls a multiplicator. G. Kapp, who is probably 
acquainted with the details of Slaby’s work, commenting on 
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this paper of his, calls the instrument in question “ art 
especially wound induction coil (‘ Induction-spule *), the 
function of which is to increase the E. M. F. of the oscilla- 
tions at the ends of the coherer.” Upon reading this for the 
first time, I assumed that the multiplicator was an oscillation 
transformer performing the function of those described in 
my patent, dated June i, 1898, and also described in my 
Royal Institution lecture of February 2, 1901. As I subse- 
quently, however, discovered. Prof. Slaby, referring to the 
multiplicator, states : “ This apparatus in its most simple 
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form consists of a wire coil of a tletermined shaj)C ami form 
of windin*^, which depends upon the leni;th of the wave. 
. . . I mi^ht call tliis a[)paratns, tinknown to iny know 1 

edge up to the present, a muUiplicator. It is not to Ik 
confounded with a transformer, as it has no secondary 


winding." 

This statement appears to me very ambiguous, as 1 


always have understood that what 
we call transformers need not have 
a distinct secondary winding. An 
appliance called an auto-trans- 
former was used by the Westing- 
house Cennpany for regulating the 


Fig. 142 



Fig, 143 



E. M. F. supplied to house-lighting installations, which con- 
sisted in a single winding, a certain number of turns acting 
inductively on the adjacent ones. 

“Page really made the first experiment in auto-induc- 
tion and showed that different parts of the same conductor 
might act as primary and secondary circuits to each other, 
if in contiguity.” 

1 installed the apparatus described by Slaby at Niton, 
Isle of Wight, and at Poole, using wires 35 meters high, but 
Avith the receiving Avire earthed at C (Fig. 144) of the loop, I 
could receive nothing, although I tried A'^arious frequencies 
of oscillation. It is, howeAmr, probable that I might haA'-e 
recei\^cd, had I been working over much shorter distances 
than 50 kilometers, as Slaby did in his demonstration, or 
had I used a greater height of wire. 
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Hy iisiny^, however, iny method of connccti(jn, i. e., intro- 
<luciii<^ beuveen the vertical wire and earth an oscillation 
transloniK r, havinj^ its circuits tuned to the fre(iuency given 
by an ordinary vertical radiating conductor of length equal 
to the vSlaby wire, A C, 1 succeeded by means of extremely 
sensitive coherers in (d)taining communication. I then tried 
the following experiment. I took down the earth wire, E D, 
and the inductance, D C, and used only the conductor, A C, 
insulated, with the condenser in circuit for transmitting. 
An enormous strengthening of the signals at the receiver 
was immediately obtained, which obviously means a greater 
ease of working, and the possibility of obtaining signals 
over greater distances. The reasons which demonstrate 
that a closed circuit, such as is cm\)loyed by Slaby, must be 
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a j)oor radiator, are obvious to those who have studied and 
read the classical works published since the time of Hertz's 
cxperimenls. 

Dr. Slaby, however, states that the inductance at the top 
of his loop confines the oscillations to the vertical part, A C, 
If this be the case, the frequency of these local oscillations 
cannot be equal to that of the whole circuit, A CD E, which 
it has been stated was so easy to calculate, if the translations 
of Slaby’s paper I am relying on are correct. 

I believe that notwithstanding the inductance, C D, Xi 
considerable amount of energy must pass to earth through 
the earthed wire, which acts as a leak uselessly dissipating 
energy which should be radiated into space in the form of 
ether waves. 
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If these conclusions are correct, I am not at all clear as 
to what necessity there is for employing the earthed con- 
ductor, E D, and the inductance. 

It is not necessary for obtaining syntonic effects from 
transmitting stations placed at unequal distances from the 
receiver, as these can be obtained when using the primitive 
form of transmitter shown in Fig. 130, and Slaby has not yet 
described how to obtain different messages from transmit- 
ters situated at ccpial distances from the receivers, which is 
much more difficult in my exi)erience, nor does it appear 
possible with the method he describes to transmit various 
messages at the same time from one sending Avire, as can be 
done with the system I have just explained. 

The distance obtained with the closed transmirting ar- 
rangement must be comparatively small. 

As 1 have already stated, communication over a distance 
of 300 kilometers is now being maintained with my system, 
but I am not aware of anything approaclung even 100 kilo- 
meters being achieved with the loop transmitter. It may be 
said that long distances of transmission are not necessarily 
an advantage, but I notice that the navy wants long-distance 
apparatus supplied to it. 

I have also tried connections similar to Slaby’s extension 
wire in the receiver, but I find that the real sifting out of 
waves is done in the oscillation transformer, although some- 
times it may be desirable to increase the period of oscilla- 
tion of the aerial conductor by adding inductance to it, or 
at other times to decrease the period by placing a suitable 
condenser in series with it. 

I have come to the conclusion that the days of the non- 
tuned system are numbered. The ether about the English 
Channel has become, in comsequence of great wireless, 
activity, exceedingly lively, and a non-tuned receiver keeps 
picking up messages or parts of messages from various 
sources which very often render unreadable the message 
one is trying to receive. I am glad to say, however, that I 
am now prepared with syntonic apparatus suitable for com- 
mercial purposes. 

And, as my final word on the general subject for the. 
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present, let me say that those who are responsible for the 
recent development of wireless telegraphy into a practical 
science, cannot fail to find great satisfaction in the reflection 
that, as already life has been saved that without this dis- 
covery would have been lost, so, in the future, apart from 
its manifold commercial possibilities, valuable as these arc, 
humanity is likely to have before very long to recognize in 
telegraphy through space without connecting wires the 
most potent safeguard that has yet been devised to reduce 
the perils of the world's sea-going population. 

[Marconi on his recent trip to this country, received dis- 
tinct tape-written messages from Poldhu, Cornw'all, until 
he was over 1,500 miles from that point, and since that 
time has succeeded in signaling from Europe to this 
country.] 

HOW TO CONSTRUCT AN EFFICIEN T WIRELESS TELEGRAPH 
APPARATUS AT A SMALL COST. 

BY A. FREDERICK COLLINS. 

Since the practical introduction of wireless telegraphy 
in 1896, great progress has been made, not only in spanning 
great distances, but in syntonizing or tuning a certain 
receiver to respond to a given transmitter. 

To telegraph a mile or so without wires by what is known 
as the etheric wave or Hertzian wave system is not difficult; 
indeed, the apparatus required is but little more complicated 
than the ordinary Morse telegraph, and is so simple that 
the reader need have no difficulty in comprehending every 
detail ; if, on the other hand, one wishes to work out the 
theory involved, it becomes such a difficult task that the 
master physicists have yet to solve it. It is the practical 
side and not the theoretical side of wireless telegraphy we 
have to deal with here. 

The instrument that sends out waves through space is 
termed the transmitter, and this I shall first describe. It 
consists of an ordinary induction or Ruhmkorff coil (see 
Fig. 145) giving a half-inch spark between the secondary 
terminals or brass balls. Such a coil can be purchased from 
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dealers in electrical supplies fc»r about $6. A larger-sized 
coil may, of course, be used, and to better advantage, but 
the cost increases very rapidly as the size of the sj^ark 
increases; a half-inch spark coil will give very good results 
for a fourth to half mile over water, and the writer has 
transmitted messages a mile over this sized coil. 

Having purchased the coil, it will be found necessary 


Fig. 145 



Cheap Ruhmkorfl Coil Givinsr J^-inch Spark. 


to supply the oscillators, as the brass balls are termed, since 
the coils of the smaller .size do not include them. The brass 
balls should be half an inch in diameter and solid ; they 
may be adjusted to the binding posts of the secondary 
terminals by brass wires, as shown in the diagrammatic 
view. Fig. 146. It will reipiire two cells of Bunsen battery 
to operate the coil, or three cells of Grenet or bichromate 
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of potash battery will operate it tiicely. An ordinary Morse 
tclcj^raphic key is connected in series with the battery and 
induction coil, as shown in the diaj^ram. Now when the 
key, 4, is pressed down, the circuit will be opened and 
closed alternately — like an electric bell — by the interrupter, 
2, and a miniature flash of lightning' breaks through the 
insulating air-gap between the balls or oscillators, 5, and 
this spark or disruptive discharge sends out the etheric 
waves into space in every direction to a very great dis- 
tance. 

The oscillators should be finally adjustcfl so that not 
more than an eighth of an inch air-gap separates them. 
The reason the distance between them is cut down from 
a half to an eighth of an inch is because in wireless tele- 
graphy it has been found that a “fat” spark emits waves 
of greater intensity than a long, attenuated one. The balls 
arc termed oscillators, since, when the electric pressure at 
the balls becomes great enough to break down the air 
between them, the electric wave oscillates or vibrates very 
much as a string of a musical instrument oscillates when 
struck ; in other woi'ds, it vibrates back and forth, very 
stiamgly at first, growing lesser until it ceases altogether. 

The coil and key may be mounted on a base of wood 
8 inches wide by 17 inches long and | inch thick (Fig. 145). 
This, with the battery, constitutes the wireless transmitter 
complete, with the exception of an aerial Avire leading 
upward to a mast 30 or 40 feet high, or the wire may be 
suspended outside a building. At the upper end of the 
wire a copper plate 12 inches square should be .soldered ; 
this is the radiator, and sends out the waves into space. 
Another wire, 8, leading from the instrument is connected 
with a second copper plate, 9, buried in the earth. The 
wires arc then connected to the oscillators — one on either 
side as shown at C, Fig. 146. The aerial and earth wires may 
be soldered to a bit of spiral spring, as this forms a good 
connection and one that can be readily removed if neces- 
sary. The transmitter may be set on a table or other sta- 
tionary place, but for convenience it is well to have the coil 
and key mounted on a separate base. 
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Diagrams of Wireless Telegrap ppa us. 
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Set of Receiving Apparatus for Wireless Telegraph. 

simplest i)arts, consists of two pieces of wire, brass or Ger- 
man silver, i-i6th inch in diameter, forced into a piece of 
glass tubing, with some silver and nickel filings between the 
ends of the wire at the point, 7. 

The brass standards i, shown at A, Fig. 146, together with 
the set screws and springs, are merely adjuncts attached to 
the coherer Avires to obtain the proper adjustment and to 
then retain it. The filings may be made from a nickel five 
cent piece and a silver dime, using a coarse file. The 
amount of filings to be used in the coherer can be roughly 
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Diagrams of Wireless Telegraphic Apparatus. 
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To the receiving device there arc more parts than to 
the transmitter, and to simply gaze upon the cut, Fig. 147, it 
would be almost impossible to obtain a correct idea of the 
connections. To the layman the most mysterious part of the 
whole system of wireless telegraphy is the most simple and 
the easiest understood. I refer to the coherer. A, Fig. 14C, is 
a diagrammatic view of an experimental coherer, one that is 
suitable for the set in hand, for it is inexpensive, easy of 
adjustment and quite sensitive. A cf)herer, reduced to its 

Fig. 147 



Set of Receiving Apparatus for Wireless Telegraph. 

simplest parts, consists of two pieces of wire, brass or Ger- 
man silver, i-iCth inch in diameter, forced into a piece of 
glass tubing, with some silver and nickel filings between the 
ends of the wire at the point, 7. 

The brass standards i, shown at A, Fig. 146, together with 
the set screws and springs, are merely adjuncts attached to 
tlie coherer wires to obtain the proper adjustment and to 
then retain it. The filings may be made from a nickel five 
cent piece and a silver dime, using a coarse file. The 
amount of filings to be used in the coherer can be roughly 
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estimated by having the bore of the tube i-i6th of an inch 
in diameter, and after one wire plug has been inserted, pour 
in enough of the filings to have a length of i-i6th inch. 
Before describing the function of the coherer, it will be well 
to illustrate the connection of the relay, tapper, sounder and 
coherer, and batteries. As shown B, Fig. 146, the tapper — the 
central instrument back of the coherer— is improvised from 
an old electric bell, the gong being discarded. The relay, 
on the right, should be wound to high resistance, about 100 
ohms. It is listed as a “ pony relay,” and, like all other 
parts of the apparatus except the coherer, it may be pur- 
chased of any dealer in electrical supplies. The sounder, on 
the left, is an ordinary Morse sounder of 4 ohms lesistance. 
The tapper magnets should be wound to 4 ohms. All 
should now be mounted on a base 10 by 16 inches and con- 
nected up as the diagram B, Fig. 146, illustrates : that is, the 
terminals of tlie coherer are connected in scries with two 
dry cells, 2, and the relay, 3. From the relay a second circuit, 
also in series, leads to the tapper, 6, thence to a battery of 
three dry cells, 5, and on to the sounder, 4, and finally back 
to the relay, 3. This much for the two electric circuits. 
The puzzling part to the novice in wireless telegraphy lies 
in the wires, 7 and 8, branching from the coherer. These 
have nothing to do with the local battery circuits, but lead 
respectively up a mast equal in height to the one at the 
transmitting end and down in the ground, as before 
described. These are likewise provided with copper plates. 
As shown in the engraving. Fig. 146, the connections are all 
made directly between the relay, coherer, sounder, tapper 
and batteries for the very sensible reason that they are con- 
nected together with a deal less trouble than by the some- 
what neater method of wiring under the baseboard. This, 
however, is a matter of time, taste and skill. 

Now let us see what the functions of each of the appli- 
ances constituting the receiver are, their relation to each 
other, and finally, as a whole, to the transmitter a mile away. 
To properly adjust the receiver to the transmitter it is well 
to have both in the same room — though not connected — and 
then test them out. The relation of the coherer to the relay 
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and battery circuit may be likened to that of a push-buttoi>, 
the bell and its battery. Coherer and push-button normally 
represent the circuit open. When one pushes the button, 
the circuit is closed and the bell rings ; when the Hertzian 
waves sent out by the distant transmitting coil reach the 
coherer, the particles of metal filings cohere — draw closer 
together — thus closing the circuit, and the relay draws its 
armature to its magnets, which closes the second circuit, 
and then the tapper and sounder become operative. 

The purpose of the tapper is to decohere the filings after 
they are affected by the etheric waves each time, otherwise 
no new waves would manifest themselves. The relay is 
necessary, since the maximum and minimum conductivity of 
the coherer, when normal and when subject to the action of 
the waves, is not widely divergent, and therefore an appli- 
ance far more sensitive than an ordinary telegraphic sounder 
is needed; this is provided by a relay, which, while being 
much more sensitive, has the added advantage of operating 
a delicately-poised lever or armature instead'of a heavy one 
used on the sounder. Signals can be read from the tapper 
alone, but to produce dots and dashes — the regular Morse 
code — a sounder is essential. 

The adjustment of the coherer and its relation to the 
relay is not as difficult as the final adjustment of the 
sounder and tapper, but if the following rules are 
adhered to carefully, the result will be a successful 
receiver. 

First arrange the adjusting screws of the relay arma- 
ture so that it will have a free play of only i-32d of an 
inch, when the armature is drawn into contact with the 
second circuit connection, just clearing the polar projec- 
tions of the magnets ; have the tension of the spring so that 
it will have only “ pull ” enough to draw back the armature 
when there is no current flowing through the relay coils. 
Now connect the two dry cells in series with the coherer, D, 
Fig. 146. Unscrew one of the top set-screws, 2 A, Fig. 146, and 
then screw up the inner screw, 3, until the current begins to 
flow through the circuit and pulls the armature of the relay 
to the magnets. Tap the coherer with a pencil while turn- 
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ing the screw of the coherer to prevent premature cohesion, 
which is apt to occur by pressure. When absolute balance 
is secured between the coherer and the relay, connect in the 
battery of the second circuit, which includes the tapper and 
the sounder. When the relay armature is drawn into con- 
tact, closing the second circuit, both the tapper and the 
sounder should operate, the former tapping the coherer and 
the latter sounding the stroke. The adjustment of the 
sounder requires the most patience, for it is by the most 
delicate testing alone that the proj)er tension is obtaitied. 
This is done by the screw regulating the spring attached 
to the sounder lever. 

When all has been arranged and the local circuit 
of the transmitter is closed, the spark ])asscs between the 
oscillators, waves are sent invisibh through space by tlie 
aerial and earth plates, and radiating in everv din'clion, a 
minor j)ortion must come into contact with the receiving 
aerial and ground [)lates, where thev are carried by con- 
ducting wires to the coherer, and under the action of the 
waves, the filings cohere, the relay circuit is closed, draw- 
ing the armature into contact, closing the second circnil, 
when the tajiper operates, striking the coherer tube and de- 
cohering the filings; at the same time the lever ol tlu- 
sounder is pulled down, and, by the law of inertia, it will 
continue to remain down, if a succession t)f waves are 
being sent by the transmitter, assuming the key is being held 
down, producing a dash, notwithstanding the tapper keeps 
busily at work decohering in resjionse to the continuously 
closing circuit caused by the waves; but the sounder — slug- 
gish in its action — when once drawn down, will remain so 
until the last wave is received and the tajijier decoheres for 
the last time, finally breaking the second circuit fora .suffici- 
ent length of time to permit the heavy lever to regain its 
normal po.sition. 

All these various actions require a specific time in which 
to ciperate, and so the transmitting key must be operated 
very slowly, each dot and dash being given' a sufficient 
length of time for the passage of a good spark. With the 
Marconi, Slaby, Guarini and all other systems of wireless 



“ox A NEW KINO OK RAYS.” 37I 

telegraphy now in use, only twelve to fifteen words per 
minute can be sent. It is also well to remember that the 
higher the wires leading up the mast are, the further the 
messages will carry. Wireless transmission over water can 
be carried to about ten times as great a distance as over 
land. 

Wireless telegraphy is very much like photography 
and everything else worth knowing. To know it well 
requires care, patience and practice, and the more one 
keeps everlastingly at it, the greater the results 
will be. 

■ORIGINAL ME.MOIk OF PROF. ROENTGEN “ ON A NEW KIND 

OF RAYS." 


1. A discharge from a large induction coil is passed 
througli a Hittorf's vacuum tube or through a well exhausted 
Crookes or Lenard tube. The tube is surrounded by a 
lairly close-fitting shield ol black paper ; it is then possible 
to see, in a completely darkened room, that j)aper covered 
<jn one side with barium platinocyanide lights up with bril- 
liant iluorescence when brought into the neighborhood of 
the tube, whether tlie painted side or the other be turned 
toward the tube. The fluorescence is still visible at two 
meters distance. It is easy to show that the origin of the 
fluorescence lies within the vacuum tube. 

2 . It is seen, therefore, that some agent is capable of 
penetrating black cardboard, which is quite opaque to ultra- 
violet light, sunlight, or arc light. It is therefore of interest 
to investigate how tar other bodies can be penetrated bv the 
same agent. It is readily siiown that all bodies possess this 
same transparency, but in very varying degrees. For ex- 
ample, paper is very trans})arcnt ; the fluorescent sci*een will 
light up when placed behind a book of a thousand pages ; 
printer’s ink offers no marked resistance. Similarly the 
fluorescence shows behind two packs ol cards; a single card 
does not visibl}’ diminish the brilliancy of the light. So, 
again, a single thickness of tinfoil hardly casts a shadow on 
the screen ; several have to be superposed to produce a 
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marked effect. Thick blocks of wood are still transparciil. 
Boards of pine two or three centinietiTS thick absorb onl\' 
very little A piece ot sheet aluminum, 15 mm. thick, still 
allowed the X rays (as 1 will call the rays, for the sake ot 
brevity) to pass, but greatly reduced the fluorescence. Glass 
plates of similar thickness behave similarly ; lead glass is, 
however, much more opaque than glass free from lead. 
Ebonite several centimeters thick is transparent. If the 
hand be held before the fluorescent screen, the shadow 
shows the bones darkly, with only faint outlines of the sur- 
rounding tissues. 

Water and several other fluids are very transparent. 
Hydrogen is not markedly more permeable than air. Plates 
of copper, silver, lead, gold, and platinum also allow the rays 
to pass, but only when the metal is thin. Platinum 0'2 mm. 
thick allows some rays to pass ; silver and copper are more 
tran.sparent. Lead 1-5 mm. thick is practically opaque. If 
a square rod of wood 20 mm. in the side be painted on one 
face with white lead, it casts little shadow when it is so 
turned that the painted face is parallel to the X rays, but a 
strong shadow if the rays have to pass through the painted 
side. The salts of the metals, either solid or in solution, be- 
have generally as the metals themselves. 

3. The preceding experiments lead to the conclusion 
that the density of the bodies is the property whose varia- 
tion mainly affects their permeability. At least no other 
property seems so marked in this connection. But that the 
density alone does not determine the transparency is shown 
by an experiment wherein plates of similar thickness of Ice- 
land spar, glass, aluminum, and quartz were employed as 
screens. Then the Iceland spar showed itself much less 
transparent than the other bodies, though of approximately 
the same density. 1 have not remarked any strong fluo- 
rescence of Iceland spar compared with glass (see below, 
No. 4). 

4. Increasing thickness increases the hindrance offered 
to the rays by all bodies. A picture has been impressed on 
a photographic pljite of a number of superposed layers of 
tinfoil, like steps, presenting thus a regularly increasing thick- 
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ness. This is to be submitted to photometric processes 
when a suitable instrument is available. 

5. Pieces of platinum, lead, zinc, and aluminum toil were 
so arranged as to produce the same weakening of the effect. 
The annexed table shows the relative thickness and density 
of the equivalent sheets of metal : 

Thickness. Relative 


vim. Thickness. Density. 

Platinum 0018 1 21 '5 

Lead 0-050 3 11-3 

Zinc o’loo 6 7-1 

Aluminum 3 500 200 2-6 


From these values it is clear that in no case can we ob- 
tain the transparency of a body from the product of its 
density and thickness. The transparency increases much 
more rapidly than the product decreases. 

6. The fluorescence of barium platinocyanide is not the 
only noticeable action of the X rays. It is to be observed 
that other bodies exhibit fluorescence, e. g , calcium sul- 
phide, uranium glass, Iceland spar, rock salt. etc. 

Of special interest in this connection is the fact that pho. 
tographic dry plates are sensitive to the X rays. It is thus 
possible to exhibit the phenomena so as to exclude the dan- 
ger of error. 1 have thus confirmed many observations 
originally made by eye observation with the fluorescent 
screen. Here the power of the X rays to pass through 
wood or cardboard becomes useful. The photographic plate 
can be exposed to the action, without removal of the shutter 
of the dark slide or other protecting case, so that the experi- 
ment need not be conducted in darkness. Manifestly, unex- 
posed plates must not be left in their box near the vacuum 
tube. 

It seems now questionable whether the impression on the 
plate is a direct effect of the X rays or a secondary result 
induced by the fluorescence of the material of the plate. 
Films can receive the impression as well as ordinary dry- 
plates. 

I have not been able to show experimentally that the X 
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ravs ^ivc rise tt) a^^■ calorilu' clients. I hose, howcvoi , may 
be assumed, for the phenomena ol llnoreseenee slmw that 
the X rays are capable of transtormation. It is also certain 
that all the X rays fallinij: on a body ilo not leave it as 
such. 

The retina of the eve is quite insensitive to these ravs; 
the eye placed close to tlie appa»‘atus sees notliiiii^. It is 
clear from the experiments tluit this is not due to want ot 
permeability on the part ol the structures oi the eye. 

7. *\fter mv experiments on the transparency ot increas- 
ing thicknesses of ditTerent media, I proceeded to investigate 
whether the X rays could be deflected by a prism. Investi- 
gations with water and carbon bisulphide in mica prisms of 
30° showed no deviation either on the phtttographic or the 
fluorescent plate. For comparist)n, light rays were allowed 
to fall on the prism as the apparatus was set up for the ex- 
periment. They were tleviated to mm. and 20 mm. respect- 
ively in the case of the two prisms. 

With prisms of ebonite and aluminum, I have obtained 
images on the photographic plate which |)oint to a possible 
deviation. It is, however, uncertain, and at most would 
point to a refractive index 105. No deviation can be ol)- 
served by means of the fluorescent screen. Investigations 
with the heavier metals have not as yet led to an}’ result, 
because of their small transparency and the consequent en- 
feebling of the transmitted rays. 

On account of the importance of the question, it is desir- 
able to try in other ways whether the X rays are susceptible 
of refraction. Finely powdered bodies allow in thick layers 
but little of the incident light to pass through, in conse- 
quence of refraction and reflection. In the case of the X 
rays, however, such layers of powder are for equal masses 
of substance equally transparent with the coherent solid 
itself. Hence we cannot conclude any regular reflection or 
refraction of the X rays. The research was conducted by 
the aid of finely powdered rock salt, fine electrolytic silver 
powder, and zinc dust already many times employed in 
chemical work. In all these cases the result, whether by the 
fluorescent screen or the photographic method, indicated no- 
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(lifforen* o in transparency between the powder and the co- 
herent .solid. 

It is, hence, obvious that lenses canncjt be locjkcd upon as 
capat)le of concentrating- the X rays; in effect, both an 
ebonite and a glass lens of large size prove to be without 
a( fion. The shadow ph(;tograph oi a round rod is darker 
in the middle than at the edge; theimageof a cylinder filled 
with a body more trans[)arent than its walls exhibits the 
middle iirighter than the edge. 

S. riie jireceding experiments, and others which I pass 
over, [joint to the rays being incapable of regular reflection. 

It is. however, well to detail an observation which at first 
sight .seemed to lead to an opposite conclusion. 

I exposed a plate, protected by a black paper sheath, to 
the X rays, so that the gla-ss side lay next to the vacuum 
tube. The sensitive film was partly covered with star-shap^ 
jiieces of platinum, lead, zinc, and aluminum. On the 
veloped negative the star-shaped impression showed ar 
under platinum, lead, and, more markedly, under zinc; ihc 
aluminum gave no image. It seems, therefore, that thcsc 
three metals can reficct the Xrays; as. however, another 
ex])lanation is po.ssible, I rej>eatefl the experiment, with this 
only difference, that a film of thin aluminum foil was inter- 
posed between the sensitive him and the metal stars. Such 
an aluminum plate is ojiaque to ultra-violet rav'-. but trans- 
[jarent to X rays. In the result the images ajipeared as l>e- 
forc, this [jointing still to the existence of reflection at metal 
surfaces. 

If one considers this observation in connection with 
(jthers, namely, on the transparency of [jowders, and on the 
state of the surface not being effective in altering the passage 
of the X rays through a body, it leads to the probable con- 
clusion that regular reflection does not exist, but that bodies 
behave to the X rays as turbid media to light. 

Since 1 have obtained no evidence of refraction at the 
surface of different media, it seems probable that the X rays 
move with the same velocity in all bodies, and in a medium 
which penetrates everything, and in which the molecules 
of bodies are embedded. The molecules obstruct the X 
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rays the more effectively as the density ol the body c'i>n- 
cerned is greater. 

9. 1 1 seemed possible that the geometrical arrangemciii 
of the molecules might affect the action of a body upon the 
X rays, so that, for example, Iceland spar might exhibit dif- 
ferent phenomena according to the relation of the surface of 
the plate to the axis of the crystal. Experiments with quartz 
and Iceland spar on this point lead to a negative result. 

10. It is known that Lenard, in his investigations on 
cathode rays, has shown that they belong to the ether and 
can pass through all bodies. Concerning the X rays the 
same may be said. 

In his latest work, Lenard has investigated the absorption 
coefficients ol various bodies for the cathode rays, including 
air at atmospheric pressure, which gives q' 10, 3*40, 3*10 for 1 
cm,, according to the degree ol exhaustion of the gas in dis- 
charge tube To judge from the nature of the discharge, 1 
have worked at about the same pressure, but occasionally at 
greater or smaller pressures. 1 find, using a Weber’s photo- 
meter, that the intensity of the fluorescent light varies nearly 
as the inverse square of the distance between screen and dis- 
charge tube. This result is obtained from three very con- 
sistent sets of observations at distances of 100 and 200 'mm. 
Hence air absorbs the X rays much less than the cathode- 
rays. This result is in complete agreement with the previ- 
ously described I'esult, that the fluorescence of the screen 
can be still observed at 2 meters from the vacuum tube. In 
general, other bodies behave like air ; they are more trans- 
parent for the X rays than for the cathode rays. 

11. A further distinction and a noteworthy one results 
from the action of a magnet. I have not succeeded in ob- 
serving any deviation of the X rays even in very strong 
magnetic fields. 

The deviation of cathode rays by the magnet is one of 
their peculiar characteristics. It has been observed by 
Hertz and Lenard that several kinds of cathode rays exist, 
which differ by their power of exciting phosphorescence, 
their susceptibility of absorption, and their deviation by the 
magnet ; but a notable deviation has been observed in all 
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•cases which have yet. been investigated, and I think that 
Snell deviation affords a characteristic not to be set aside 
liglitly. 

1 2. iVs the result of many researches, it appears that the 
place of most brilliant phosphorescence of the walls of the 
discharge tube is the chief seat whence the X rays originate 
and spread in all directions; that is, the X rays proceed 
from the front where the cathode rays strike the glass. If 
one deviates the cathode rays within the tube by means of a 
magnet, it is seen that the X rays proceed from a new point, 
i. e., again from the end of the cathode rays. 

Also for this reason the X rays, which are not deflected 
by a magnet, cannot be regarded as cathode rays which have 
passed through the glass, for that passage cannot, according 
to Lenard, be the cause of the different deflection of the rays. 
Hence I conclude that the X rays are not identical with the 
cathode rays, but arc produced from the cathode rays at the 
glass surface of the tube. 

13. The rays are generated not only in glass. 1 have ob- 
tained them in an apparatus closed by an aluminum plate 
2 mm. thick I purpose later to investigate the behavior of 
other substances. 

14. The justification of the term rays ” applied to the 
phenomena lies partly in the regular shadow pictures pro- 
duced by the interposition of a more or less permeable body 
between the source and a photographic plate or fluorescent 
screen. 

1 have observed and photographed many such shadow 
pictures. Thus, I have an outline of part of a door covered 
with lead paint ; the image was prtiduced by placing the 
discharge tube on one side of the door and the sensitive 
plate on the other. I have also a shadow of the bones of the 
hand, of a wire wound upon a bobbin, of a set of weights in 
a box, of a compass card and needle completely inclosed in 
a metal case, of a piece of metal where the X rays show the 
want of homogeneity, and of other things. 

For the rectilinear propagation of the rays, 1 have a pin- 
hole photograph of the discharge apparatus covered with 
black paper. It is faint, but unmistakable. 
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15. I have sought for interference effects t)f the X ra\ s, 
but possibly, in consequence of their small intensity, without 
result. 

16. Researches to investigate whether electrostatic forces 
act on the X rays are begun but not yet concluded. 

17. If one asks, what then arc these X rays? Since they 
are not cathode ravs. one might suppose, from their power 
of exciting fluorescence and chemical action, them to be due 
to ultra-violet light. In oppositi(»n to this view a weighty 
set of considerations [iresents itself. If X ra' s he indeed 
ultra-violet light< then that light must po'^sess tt following 
properties : 

I a) It is not refracted in passing from air into water, car- 
bon bisulphide, aluniimim, rock salt, glass or zinc. 

(b) It is incapable of regular reflection at the surfaces of 
the above bodies. 

(c) It cannot he polarized by any ordinary polarizing 
media. 

(d) The absorption by various bodies must depend chiefly 
on their density. 

That is to say, these ultra-violet rays must behave quite 
differently from the visible, infra-red and hitherto known 
ultra-violet rays. 

These things appear so unlikely that I have sought for 
another hypothesis. 

A kind of relationship between the new rays and light 
rays appears to exist ; at least the formation of shadows, 
fluorescence, and the production of chemical action point in 
this direction. Now it has been known for a long time that, 
besides the transverse vibrations which account for the phe- 
nomena of light, it is possible that longitudinal vibrations, 
should exist in the ether, and, according to the view of some 
physicists, must exist. It is granted that their existence has 
not yet been made clear, and their properties are not experi- 
mentally demonstrated. Should not the new rays be ascribed 
to longitudinal waves in the ether ? 

I must confess that I have in the course of this research 
made myself more and more familiar with this thought, and 
venture to put the opinion forward, while I am quite con- 



KAY Al’I’AKATUs AND ITS MANIPULATION. 


.^79 


.scious tliat the hypothesis advanced stU\ ret^vures a more 
solid htundation. 

X RAY APPAKATUS AND ITS MANIPULATION. 

By W. H. Meadowckoft. 

Assuming that one has decided to acquire an X ray 
fit, a choice must be made between three distinct typ^ 
exciting apparatus: (i) an induction coil of the Ruhinkor 
type; (2) a high frequency coil; or (jj a static machine. 
This choice, however, is necessarily limited by the kind of 
electric current that may be available for the excitation or 
operation of the apparatus. 

The fortunate individual who can obtain either ermtinu- 
ous or alternating current from a lighting company or other 
source may really make a choice. He could excite the 
Ruhinkorff coil (i) directly by the continuous current 
through a bank of lamps, or (2) by means of a storage bat- 
tery charged from the continuous current circuit, or (3) bv 
means of a motor generator operated by the same current. 

If he preferred the high frequency set, he would be able to 
operate that from the alternating current. Or, if his prefer- 
ence were for the static machine, he could so choose, and 
revolve the plates by means of a motor actuated by either 
continuous or alternating current. 

It will be apparent, therefore, that with the continuous 
current available, two types of apparatus may be used — the 
Ruhmkorff coil or static machine. The alternating current 
also gives a choice of two types, namely, the high frequency 
coil or the static machine. 

If a regular lighting current is not available, the choice 
necessarily lies between the Ruhmkorff coil and static ma- 
chine, with a great preponderance in favor of the former, 
because it is more reliable and can be excited by a few cells 
of primary or secondary battery. While it is quite true that 
the plates of a static machine can be revolved by a motor 
taking its current from a battery, this is quite an expensive 
and troublesome method of operation and practiced only to 
a very limited extent. There are some cases where a static 
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machine is revolved by hand, but these are extremely rare, 
as the power required for the production of penetrating X 
rays of high efficiency is such that it is necessary to have a 
very strong man to turn the crank. 

Should the reader be contemplating the acquisition of X 
ray apparatus, and be so situated that he is unable to have 
access to either a continuous or an alternating electric light 
circuit, he will be wise to purchase a coil of the RuhmkorfI 
tj’pe and excite it with primary or secondary battery, ac- 
cording to circumstances. If tlu're is an electric plant (con- 
tinuous current) within a reasonable distance, a storage bat- 
tery in portable form (which can be carted over to the 
electric plant to be recharged) will give the most satisfac- 
tory results, M’ith the least trouble and expense. If this is 
impracticable, then any good form of primary battery can 
be used with success ; and for this purpose there is probably 
nothing better than the Edison-Lalande cell, with its large 
ampere output and non-polarizing (|ualities. 

It will he seen, therctore, that induction coils of the 
Ruhmkorff type would naturally be the form of apparatus 
most generally used for the excitation of Crookes tubes and 
the production of the X rays. .Such is the fact, and the re- 
mainder of this article will be devoted to a description of a 
tj’pical high-class set of apparatus of that kind, together 
with some remarks as to its manijiulation to produce prac- 
tical results. 

The set of apparatus which has been used daily by the 
writer for the last twenty-eight months is shown in the 
illustration. It was made by the General Electric Com- 
pany, and consists of — 

Thomson inductorium 14 inch spark, 

Condenser, 

Circuit breaker. 

Rheostat, 

Reversing switch, 

Crookes tube. 

Adjustable tube stand, 

Fluoroscope. 

The inductorium is a modern induction coil of the 
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Ruhmkorff type, specially designed by Prof. EUhu 

sou for the purfK)se of Kivinif the •* fat ” continuous stream 

of sparks so tlesiraUlc for the |ir<Klucfion of X rays. THe 



general plan of the coil is on the well-known lines, but ar- 
ranged somen hat differently in detail. The core is made nn 
of line, soft iron wires, well annealed and wound with a 


laking a Radiograph of an Atm, 
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primai'y coil of coarse wire. Surrounding this is a heavy 
insulating tube of solid mica. The .secondary coil consists 
of two sections wound with about 20 miles of No. 34 wire, 
well insulated, the sections being separated by heavy, solid 
mica and rubber plates. These j) irts are assembled and 
mounted in a well built mahogany box, so arranged that the 
(foil may be handled and transported without the slightest 
danger of injury. -Vlthough the coil is well insulated 
throughout, comj)lete insulation is insured by filling the box 
with a specially pre])ared oil. The discharge terminals are 
fitted in sockets and the primary terminals lead to binding 
screws on the outside of the box. 


Fiu. 150. 



Regulator. ('irenit Breaker. 


The condenser is se})arate and of tlie tidju.sttible t\pc. 
with a cajracity of about 5 microfarads. The contact 
breaker is akso a separate piece of apparatus of the yibrating 
pattern, proyiding lor the breaking of the circuit under 
water and tiius insuring a more rapid and complete break, 
with a correspondingly increased efficiency. The break is 
caused by a sudden blow struck by a weight yibrating on 
the end of a flat spring. Interruption of the current fakes 
j)lacc under water and at two points simultaneously ; lienee 
there is an immediate extinction of the spark. Renewal of 
the wearing parts and of the water can be made ycry 
quick!}'. Regulation of the output of the coil is effected by 
means of the small rheostat shown in the illustration. 

Any one of the various kinds of Crookes tubes may be 
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used witli this apj)aratus, but tJie writer has found that the 
pattern shown in the illustration seems to be best adapted to 
the output of the coil above. described. This tube is of the 
single focus t3'pe, that is to say, it is provided with two 
electrodes, viz., a concave cathode of aluminum and a flat 
platinum anode, or target, placed at an angle of about 60 
degrees. The main body or bulb is 5 inches in diameter, 
and the terminals are carried through long necks to a dis- 
tance of 15 inches apart. Attached to the exhaust tube is 
an auxiliary, vacuum-regulating tube containing a chemical 
mixture into which is sealed a platinum wire terminating in a 
loop outside the tube. The use of this auxiliarv tube is to re- 
duce the vacuum when it has risen loo high in continued use. 

In all tubes exhausted to a Crookes degree of vacuum, 
which is estimated to be about one-millionth of an atmo- 
sphc're, there remains in the lube a verv small residuum 
ol air molecules. -\t this stage of \acuum these air mole- 
cubs lorm a path for an electric discharge to ])ass, and the 
tube will be an abundant source of X ravs under ])ro])er ex- 
citation. When the tube is excited, the j;latinum target 
becomes more or Ic'-s heatcO and throwsoif minute particles 
which llv to the sides of the glass bull), thus causing the 
blackening seen on a much used Crookes tube. Now, pla- 
tinum. on cooling, has the ])roperty of occluding lor locking 
up) surrounding molecules ol air or ga'- ; hence, when the 
o])erator ceases exciting a tube, there w ill be a cooling of all 
])arts and the occlusion of some part of the residual air in 
the tube, not onlv bv the platinum target, but also bv the 
tinv j)arliclcs projected to the inside (jt the glass bulb. It 
thus lollows that, with continued use, the residual air or gas 
in the tube will gradually become less and less. The result 
is that the vacuum continually rises until the tube has be- 
come so high that the electric discharge will not pass 
through it, and, consequently, the tube is no longer a source 
of X rays. It can be tempoi'arily restored to a lower de- 
gree of yacuum by heating and releasing the occluded gases, 
but this is only a temporary expedient. The auxiliary ad- 
justing lube above mentioned comes into play when the 
vacuum has become too high. The negative terminal of 
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the coil is then chang^cd from the cathode end ot tlie lube 
and connected to the platinum wire terminal of the auxiliai y 
tube and current turned on. This decomposes the chemical 
substance and disengages vapt)r which goes into the main 
bulb, and thus reduces the vacuum to a point at which X 
rays may again be protluccd if the connection with tiu' 
cathode be restored. 

The remaining item of apparatus, the lluoroscope, is yet 
to be described. The purely mechanical part consists of a 
tapering box, painted or stained a dead black inside, and 
provided with a patent leather hood edged with soft, black 
trimming and shaped to fit over the eyes to exclude light. 
A handle is fitted for convenience in holding. The screen, 
or operative part, is fastened on at the broad end, and may 
consist of cardboard or aluminum. That part of this .screen 
that is inside the box is coated with crystals of either cal- 
cium tungstate or platino-cyanide of barium, secured in 
place with lacquer or other adhesive material. Calcium 
tungstate was almost exclusivelv used for along time on ac- 
count of its comparative cheapness, but at this date platino- 
cyanide of barium is practically in universal use. Although 
this latter salt is very expensive, it has advantages over cal- 
cium tungstate that more than compensate for the higher 
cost, ll fluoresces more brilliantly, gives much clearer 
definition of objects examined, docs not retain an image of 
the object previously examined when the lluoroscope is 
moved to another spot, and instantly loses its fluorescence 
upon cessation of X rays. 

The set of apparatus illustrated is shown as being oper- 
ated by a motor generator, taking its current from the regu- 
lar 1 10 volt continuous current circuit. This piece of ap- 
paratus is the most convenient and least troublesome source 
of current where a continuous circuit is available. It re- 
ceives current at from 100 to 120 volts and amperes at 
the motor end, and delivers from the generator terminals 
current at 6 volts and 14 amperes. 

A few hours’ careful study of the details' of manipula- 
tion will enable an intelligent operator to obtain good 
results from any set of well made apparatus. By the exer_ 
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cisc ()( iiitcllig'encc, forethoug’ht and patience, one may suc- 
ceed, witli a set of ^ood apparatus, in producing as tine 
X jay work as can be done in the present state of our 
knowledge of this interesting subject. 

The cjul is first tested, to see if it is in proper condi- 
tion, by turning current into the motor generator, and 
thence to the coil. If the latter is in good working order, a 
stream of sparks will pass between the terminals. Current 
may then be switched off and the Crookes tube adjusted in 
the tube stand in the proper position for taking the picture 
(as will be explained later), and connections made between 
it and the discharge stands on top of the coil by means of 
fine wire. All the resistance of the rheostat is thrown in to 
reduce the sparking output of the coil to its lowest point, 
and then current is once more tuimcd on for the purpose of 
testing the tube. If tljat is all right, current is turned off 
and the .sensitized plate (wj-apped in black paper or held in 
a plate holder) is bi'ought in and jjlaced on the tabic or in 
the position best adapted for making the ])ictui'e. 

Assuming for the moment that it is an arm of which a 
{)iclui'e is desired, the plate is |)laced on the table (film side 
iij)), and the patient’s arm on top of it. The Crookes tube, 
in its holder, is tlicn placed immediately over it, and from 
12 to 24 inches above it, caie being taken that the center ol 
tlie platinum taiget in the tube is as nearlv as possible in a 
jilumb line with that part of the arm to be radiograplied. 
The curient is now turned on again and resi.stancc gradu- 
ally thi'uwii out. 11 the tube is giving out an abundance of 
X ravs, an cx[)osure of two or three minutes ought to ue 
ample lor a pictui’c of this kind. At the tei'inination of this 
time, curi'cnt is tuiaied off, and the plate developed in the 
dark room in the usual manner. 

The above is a general outline of the method of proce 
dui'c in taking an X ray picture, or radiograph, as it is fre- 
(jiienlly termed. Vaiiations from this method are necessi- 
tated only by the condition of the apparatus and the kind ol 
picture to be taken. 

As a general rule, a first-class set of exciting apparatus 
and accessories will seldom get out of order if properly used 
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and can d for. It would be impossible within the limits of 
this article to enumerate what may have happened after it 
has been found, upon preliminary test, that the apparatus 
does not work well. Generally this can be ascertained by 
a careful examination. The most frequent trouble that will 
be found in a case like this, if the set is operated by batteries, 
will be that one or more cells of the battery will have be- 
come disconnected, or have bad connections, or may have 
run down, in either of which cases the proper remedy can 
be applied. 

The trouble that most frequently arises is in the Crookes 
tube itself. This part of the apparatus, as will be quite 
obvious, is the most important item of all, and at the same 
time the most fragile and uncertain. Manufacturers of 
Crookes tubes undoubtedly exercise the utmost care in 
making them, but the limitations of the tubes themselves 
are so narrow — no matter how well and carefully they may 
be made — that they must be carefully handled and used to 
preserve their usefulness for any great length of time. The 
writer has had tubes that have stood continued use for from 
six to twelve months, and similar cases are quite numerous, 
but this is not always the case. In the practice of the aver- 
age physician or surgeon, a tube ought to give good service 
for many months if it is carefully used. A Crookes tube 
should not be regarded as a plaything, nor does its structure 
warrant it in being used carelessly. It is fragile at the best, 
and should be treated with that idea in mind. 

In the ordinary use of a Crookes tube for taking radio- 
graphs or making fluoroscopic examinations, the natural 
tendency of the tube is to gradually rise in vacuum. If it 
bas an attachment for regulating the vacuum, as above de- 
scribed, there should be but little trouble on this account; 
but, if not, the only resource is to heat it when the vacuum 
has risen too high, and to repeat this treatment as often as 
the tube will respond to it. When it cannot be restored to 
a working condition by this method, it will be best to have 
it re-exhausted. 

It has been found by experience that it is not wise to 
turn the full current on when first operating the tube. If 
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the tube has a high vacuum, the turning on of the full cur- 
rent at once is apt to cause puncture, but by starting at the 
least current, and gradually throwing out resistance as the 
tube warms up, the maximum results may be obtained ; as a 
tube that is high in vacuum will, when once got into nor- 
mal operation, give the most penetrating and powerful X 
rays. A tube of low vacuum does not give as penetrating 
raA’s, and should only be used for very simple cases, such as 
hands. A tube of about normal vacuum, that is to .say, a 
tube that is easily excited, fluoresces strongly, and gives an 
abundance of X rays, may be used for almost any kind of 
radiograph. With a tube of this kind operated on a coil 
giving from 8 to le incli sparks, a hand sliould 'oe taken in 
about one minute, an arm in from two to three minutes, the 
lower part of the leg or foot in about lour minutes, and the 
thigh in fiom five to six minutes. I'or anexposure through 
(he upper part ol tlie body, about ten minutes should be al- 
lowed. and thi'ough the lowei' part of tlie trunk Irom fifteen 
to twenty minutes .V radiogiapli of the ]>elvis is one of the 
most difficult to make >iiecessfullv, and from twenty to 
twenty-five minutes is usually re(|uired for a good ])icture. 
Many j)ictures ol the above parts of the body have been 
taken in much less time than gi\en above, but in such cases 
it is only where the tube has been in exceptionally tine con- 
dition and working to the utmost advantage. I'he distance 
of the tube from the body, especially in an exj.)osure of five 
minutes and ui>ward, should never be less than 12 inches 
and ])rcferably 18 to 24 inches. If the tube is too near the 
object radiograjihed, there will be less sharpness of delini- 
tion and more danger of injury to the skin than when the 
tube is further away. The times for exposure just enumer- 
ated are for a person of average size. With stout j)eople, 
the time should be increased about 10 to 20 per cent. 

In practice, the writer uses a spark gap in series with the 
tube. Preferably this spark gap is at the positive discharge 
terminal of the machine. The wire leading from the cathode 
terminal of the tube to the negative terminal of the coil is 
connected directly, without break. The terminal from the 
anode (the platinum target end) f)f the tube is connected by 
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Wire to a movable stand which may be so adjusted as to 

make direct or broken connection with the positive terminal 
of the coil. 

In operating the tube this spark gap is varied from, say 
onc-quartcr of an inch to one inch, so that the spark will 
jump from the positive terminal of the coil to the adjustable 
stand and the discharge will pass along the wire and through 
the tube. This is intended to overcome to some extent tlie 
oscillatory nature of the discharge from the coil, and tends 
to produce a steady fluorescence in the tulie. The introduc- 
tion of this spark gap also tends to keep down, to a great 
extent, the heating up of the platinum target under the bom- 
bardment of the cathode rays. The writer has found in 
practice that the use of this spark gaj) will frequently make 
the difference between the imperfect and perfect working 
of a Crookes tube. In this connection, it may be noted for 
the benefit of those who are not already familiar with the 
fact that the negative terminal of the coil may always be 
ascertained b)' observing the spark. It will be noted that 
the spark is thicker at one discharge terminal than the other, 
and this will be found to be the negative discharge terminal 
of the coil. 

In placing the tube in position hu- taking a radiogra ph. 
it is not necessary that the platinum target shall be parallel 
with the object of which a picture is to be made, so long as 
the tube is so placed that the face of the platinum target is 
opposite to the (object, and the center (d the target is about 
in line with that part c)f the object which is most desired to 
be taken. 

If desired, the tube may be inclined slightly downward, 
so that the target is almost parallel to the t)bject. The 
radiographing of various parts of the human body gives op- 
portunity for the exercise of considerable ingenuity to get 
the best results. The first recpiisite is that the part to be 
radiographed shall be as near as possible to the sensitized 
plate, and that the picture shall be taken “ square on ” and 
not from a side or diagonal view. In taking a hand, or the 
lower portion of the arm, or through the foot, it is not 
necessary for the patient to be in a reclining position, but 
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for all other pictures it is advisable that tlie reclining' posi- 
tion be assumed to insure the greatest jtossible steailiness of 
the object. Verv little motion disturbs and ililfuses tlie out- 
lines and lessens the value of the picture. It is in all case' 
desirable to use .sensitized plates \vrap[)ed in black aiui 
orang'c })aper, rather than to pul them in plate holders 
Sensitized plates, already wrapped, are .sold by photog raphic 
supply dealers. Plates .so wra|)j)ed can be broui^ht info 
closer contact with the patient and enable the operator to 
make a much clearer picture than would otherwise be pro- 
duced. An object placed at a distance of quarter of an inch 
from the plate will be much enlars^cd, and this enlarg^cment 
will be still further magnified and the outlines will be less 
distinct the further it is away from the plate. 

It is scarcely necessary to add that while the ability to 
make fluoroscopic examinations of fractures, dislocatiiins, 
foreign objects, etc., is of great benefit and convenience to 
the practitioner, it is scarce!)' advisable to jicrform an oper- 
ation without making a radiograph. A picture of this kind 
is cumulative and will show conditions which cannot be per- 
ceived by the eye. In cases where needles or other metallic 
objects have entered the body, it is desirable to perform the 
operation as soon as possible after the radiogr:i])h has been 
taken, as such objects will frecjuently move within 24 hours. 
The writer has had several cases in which needles, particles 
of steel, and in one case a 22-caliber bullet, were shown to 
have moved their positions by a second radiograph made 
within 24 hours 

Fig. 152 shows a fluorometer for casting on the fluores- 
cent screen a shadow of a rod together with the object 
being examined, and a grating, to more accurately locate 
the points in question. 

There are many <jther details of manipulation that go to 
make up the successful operation of a set of X ray apparatus, 
but it is scarcely po.ssible to go into them at length in this 
article. Most of them will naturally occur to the operator 
in the course of his use of the apparatus. Such as are given 
above may be found to be useful to those who are commenc- 
ing or who have not yet had sufficient experience to call 
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them forth. It ma}' be of interest to note that a dupli- 
cate of the above described set of apparatus was presented 



by the General Electric Company to the United States 
government for the hospital ship “ Relief ” sent to Cuban 
waters. 
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NotwithstancHni>: the fact that, inucli of the niusiepio- 
ducccl by chimes is reiulerecl with diseonis and a claiij^d 
little less than barbarous, most j)eople like this sot tot music 
and are cv'cr ready to listen to it. Pc)ssibly one leason loi 
this is that this music is not so common as other kinds ; 
another is that there is a kind of unwiittcn poetry about 
bells that appeals to everybody. 

Tower chimes are for the public, and rich and poor alike 
can enjoy them, but smaller chimes are mainly for those 
who arc able to purchase them; in tact, they may be classed 
amon<^ luxuries. However, house check chimes brin^ bell 
music out of the list of the extraordinary and place it within 


the rany^e of every-day home lile. I here 
is no reason why any one with a mechan- 
ical turn of mind cannot construct a chime 
without much exjeense. All that is needed 
is a lathe, a few tools and eij^ht or ten 
ordinary hand bells. I'lie bells are to be 
tuned so that when struck they will yield 
the notes of the diatonic scale, 'riming is a 
comparatively simjilc matter. If the work- 
man does not hapjien to have a musical 
ear, he can procure the assistance of some one who has. 

A fine bell made ol genuine bell metal is one thing, and 
the ordinary hand liell sold at the hardware and house fur- 
nishing goods stores is quite another thing; still the latter 
affords the most available material for a chime, and withal 
answers a very good purpose. 

The writer had the good fortune to find a dealer who 
was kind enough to allow him to select from a large number 
eight bells having approximately the required pitch f()r an 
octave, and two additional bells, one above and the other 
below the octave. These bells first of all had to be tuned 
to render them useful in a chime. This, although a simple 
operation mechanically, requires some skill in determining 
the pitch, as an ordinary bell generally yields two or more 
discordant notes. 


Fig 153 
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The bell to be tuned is chucked on the lathe by means 
of a concave wooden chuck secured to the face j)late. It 
the lathe has a hollow mandrel, the bell may be held in 
place by a long bolt extending through the bell and latlu 
mandrel. After the bell is centered, so that its rim runs 
true, a block is fitted to it at a point within the thicker 
portion of the rim and held in place by the tail stock of the 
lathe. This prevents vibration and the chattering of the 
tool ; an ordinary hand brass-turning tool is used. If the 
pitch of the bell is too high, and it is required to lower it, 
the thick part of the rim is turned off on the line, a, as 
shown in Fig. 153 If, on the other hand, the pitch is too low, 
it is raised bv turning off the edge of the rim on the line, b. 
Whenever it is desired to test the note of the bell, the block 
is removed and the bell is struck with a small wooden mal- 
let. The note can be compared with that of a piano or 
other musical instrument, or the proper pitch can be ar- 
rived at by comparing the bells with each <jther. It is 
scarcely practicable to tune the chime to any j^articular key 
unless the majority of tlie bells are near the re([uired pitcli 
at the start. 

After the bells are tuned they are each provided with an 
electric bell hammer, as shown in the first bell of the series 
in the upper part of Fig. 154 As this bell hammer is almost 
identical with that of an electric bell of comparatively re- 
cent invention, the writer in justice to himself must say that 
this electric bell was devised by him long before the bell 
alluded to u'as known to the public. 

The magnet core is reduced in diameter at its upper end 
and extends through the aperture at the top oi the bell and 
is threaded to receive two nuts, between which a wire is 
clamped. These wires from the several bells are connected 
with the contact springs or- keys of the current-controlling 
mechanism shown at the center of Fig. 154 The core is 
insulated from the bell, and between the lower nut and the 
bell is clamped a yoke or loop which is in electrical contact 
with the bell, but insulated from the core. On the core is 
placed a bobbin wound with No. 24 wire. To the lower end 
of core is attached a pole extension, which reaches beyond 
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Fici. 155 * 



Clock with Electric Chime. 
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the periphery of the bobbin and is provided wilii a .short 
copper stud b) prevent the sticking' ol the armature. o 
the core above the bobbin is pivoted the annalure, wliich 
extends downward over the sitle of the bobbin to a ])oint 
opposite the pole extension. I'lie armature is |)roIom;ed 
beyond its pivot and drilleil to receive the hammer wire, 
which extends downwanlly lowanl the mouth ol tlie lx 11 
and carries a hollow metal hammer containing a w<x)den 
plug. The hammer is arranged to .strike on the thicker 
portion of the bell rim. One terminal ol the bobbin is con- 
nected with the magnet core, the other with the bell; each 
bell is supported by a bracket, the end (.)f which enters the 
yoke or loop. 

The bi'ackets are connected electricall}’ and coinmunu 
cate through a wire witli one pole of the battery, the other 
pole of which is connected with a spring which presses on 
the shaft of the metallic drum of the current-distributing 
machine. The springs before alluded to pre.ss on the cylin- 
der through perforations in a strip of j)aper on which is 
arranged the music to be played. The springs ai*e attached 
to a bar which may be turned back .so as to remove the 
springs from the paper strip and the drum to facilitate the 
introduction of a new j)aper stri]). Above the drum is 
placed a wooden roller, the gudgeons of which are pressed 
downward by springs— the roller being designed to insure 
sufficient friction of the ])aper to carry it with a po.sitivc 
motion through the machine. A worm wheel .secured to the 
shaft of the metal drum is driven by a worm on a shaft 
extending at rig-ht angles to the drum and carrying a spur 
wheel which receives its moti(m from a pinion on the shaft 
of the electric motor.* 

When the electric chime is connected with a clock, as 
shown in Fig. 153 it is necessary to provide a very long per- 
forated paper strip or to emjdoy a perforated endless paper 
belt, and to provide means for starting the motor at the 
proper time and stopping it when the piece is finished. The 
mechanism for doing this is shown diagrammatically in Fig. 

* Any electric motor will answer. This particular one is described in 
detail in Scientific American Supplement, No, 783, 
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1 59 111 ll)is case the let-off mechanism is arranged to operate 
every hull hour, hut, of course, it could be made so as to 
operate c\ery quarter hour. 

On the minute hand arbor are secured two cams, a, and 
to the frame of the clock is secured the spring arm, B, fur- 
nished with a triangular arm projecting into the path of 
the carnsj^/. The free end of the spring arm carries a weight, 

Fu;. 156. 



and in an insulating bar, placed between the arbor, A. and 
sufiport of the spring arm, B, is inserted a contact screw, 
C. The spring arm, B, is held normally out of contact with 
the contact screw, C. When the arm, B, is raised by one of 
the cams, a, and released, the momentum of the weight at- 
tached to the free end of the arm carries the arm beyond its 
normal position and momentarily closes the circuit on the 
contact screw, C. The electrical contact is prolonged by 
virtue of the momentum of the weight and the bending of 
the spring arm. 



398 EXPKRIMENTAL SCIENC'E--.\PIM;N1)IX. 

The contact sci'cw, C, is connected with one pole of the 
battery, and the remaininj^ pole is connected with one tci in- 
inal of the magnet, D, the other terminal being connected 
with the spring arm, 13. The contact screw, E, is connected 
with the battery in parallel with the magnet, D, and a wire 
running from the battery is connected in parallel with the 
wire leading to the contact screw, C. This wire connects 
with the motor, F, which drives the paper-carrying drum, 
and also with the auxiliary contact spring, c. The paper 
strip has a single perforation, f, located at the end of the 
piece of music, through which the spring, c, may touch the 
cylinder. The armature lever, d, is pivoted midway be- 
tween the magnets, HD, and it is held in either of the two 
positions it may assume by the double-acting spring, v. 

When one of the cams, raises the spring arm, B, and 
allows it to fall, the current from the battery is momentarily 
sent through the magnet, D, thereby drawing over the 
armature, and bringing the contact spring carried by the 
armature lever into contact with the screw, r; and although 
the magnet, D, ceases to act when this is done, the spring 
remains in contact with the screw and the current flows 
from the battery to the screw, E, thence through the arma- 
ture lever to the motor, F, and from the motor back to the 
battery. This starts the nujtor of the current-distributing 
mechanism, and the current is sent to the one or the other 
of the bells, according to the position of the holes in the 
paper strip. 

When the end of the piece is reached, the spring, c, 
forms an electrical contact with the metallic drum through 
the hole, f, in the paper strip, G. The current from the 
battery then flows through the screw, E, and armature 
lever, d, to the magnet, H (whose resistance is somewhat 
less than that of the motor), thence through the metallic 
drum back to the battery. The armature, b, is thus drawn 
over to the magnet, H, and the circuit is broken when the 
motor stops, but all the parts are ready for another opera- 
tion and the circuit of the battery is left open. 

The contact springs are inch apart from center to cen- 
ter, consequently the longitudinal lines on the paper on 



AN eli-x:tri(; chime. 


399 


which the holes are puncliecl must be inch apart. The 
transverse or time divisions may be y inch or more apart. 
The distance will depend on the speed of the motor and the 
character of the music. In the example shown in Fig. 157 
the transverse lines are y inch apart ; the music being com- 


Fig. 157* 
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The Music. 


posed entirely of quarter notes permits of this arrange- 
ment. This example shows the beginning and the end of 
the tune Vespers. The holes represent the position of the 
notes on the staff. It is a very simple matter to transfer 
any piece of music to a strip of paper ruled in the manner 
indicated, it being only necessary to remember that on the 
position of the note in tlic scale depends the location of the 
hole on the transverse line, while the relative positions of 
the holes on the longitudinal lines determine the time and 
the length of the notes. 

The following is the music of the Westminster chimes 
for the first, second, and third quarter of the hour and the 
hour : 



3d 

Quarter 



Hour. 




•HlWf 
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This music can be readily transferred to a strip of paper 
like that described. It is necessary to bear in mind that if, 
on paper divided as shown, one space represents the dura- 
tion of a quarter note, two spaces would represent a half 
note, and four spaces a whole note. 

THE STUDY OF THE STARS. 


During the beautiful autumnal evenings few persons 
can look up into the starry dome of heaven without long- 

Fiu. 158. 



The Luminous Star Roard. 


ing for a better acquaintance with the glowing orbs whose 
radiance meets the view in every direction. If one 
turns to the star maps and books of astronomy, there will 
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be found clearly laid down the history, names, colors, 
magnitudes and positions of all the principal celestial 
bodies. But when, after studying the map, he goes out of 
doors, thinking to carry the chart in his mind, and easily 
to locate and recognize individual members of the glitter- 
ing host, he is sadly disappointed. To his untrained eye 
the glorious stars appear the same as before, all mixed in 
inextricable confusion; and for him the map is of little value- 
Discouraged with the result of this first effort, the majority 
of people abandon the matter and go through life without 
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Luminous Stars on Black Board. 


ever gaining an insight into this the subliniest of the sciences, 
-and never experience the inexpressible delights that attend 
on this grandest of studies. 

To assist the amateur, whether old or young, in the 
study of astronomy, to render the opening lessons eas)- 
and attractive, and insensibly to interest his mind in this 
most ennobling subject, has led me to design the simple 
devices which 1 will now describe. 
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One form is as follows: 1 ])rovi(le a sheet oi ca id- 
board, say two feet square, one side ol which is ooven il 
with what is known as luminous ])aint. 1 his remai k- 
able substance has the quality of storiuj; up tlie sunliiT;'lil, 
and gradually delivering the same in the darkness. I he 
paint is a chemical combination, chiefly of lime and 
sulphur. This luminous sheet I ])in upon a light wooden 
board. I also cut out of common cardboard a few small 
stars of different sizes, to represent stars of the first, second, 
third and fourth magnitudes, and provide each star with a 
central pin. 

In use the luminous board is held as shown in the engrav- 


Fig. i6o. 



Luminous Stars. 


ing, and on it are jflaccd the paper stars. The holder of the 
board glances upward at the sky, notes the position of the 
stars, and then arranges their counterj)arts upon the 
luminous board, the glowing purple light of which, even 
in the darkest night, enal)les him to do this with the utmost 
satisfaction. ITie movable stars being thus arranged 
and fastened upon the board, it is taken indoors and com- 
])ared with the map or chart, whereby the selected group is 
instantly recognized and named. 

In this simple way the forms, positions, and component 
stars of all the principal constellations may .quickly be 
learned by any pei'son without a teacher ; and the study, 
while it instructs and impresses the mind, is, in the highest 
degree, fascinating. 
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A still simpler device, but in the same line, is to cut the 
form of the stars out of the luminous cardboard, and then 
arranff^c and pin them as before described upon the surface 
of a wooden board, say two feet square, painted dead 
black. 111 this case the movable stars will appear luminous 
on the board, even in the darkest night. This is illustrated 
in Fig. 1 59 Instead of using ordinary pins, wire round 
staples bent up as shown in Fig. 160 will be found con- 
venient ; these are easily fingered and quickly placed as 
desired. 

A light, convenient, non- warping star board may be made 
by gluing together, crosswise, three sheets of pine wood 
veneers. It is needless to occupy space in describing all 
the uses of this device for promoting the first lessons in 
star study. Suffice it to say that with the contrivance in 
hand, together with star maps, such as those that were pre- 
pared for the Scientific American by the late Richard A. 
Proctor, any person may soon become an intelligent student 
of the skies ; and the preliminary knowledge thus gained 
nay be supplemented by reading other astronomical books. 
—A . 7 :. Beach, in Scientific A merican. 

HOW TO COLOR LANTERN SI, IDES. 

Nothing is more interesting and satisfactory to the 
amateur photographer than to place upon the screen, by 
means of a good lantern, the results of the summer's W"rk; 
and, while it may be questioned whether anything can be 
more desirable for projection than a really first-class, well- 
toned lantern slide, yet experience proves that the majority 
of people who enjoy an evening with the lantern are pleased 
when a well-colored slide is shown. 

A suitable subject carefully printed and artistically 
coh)rcd, when reflected from the screen, strongly resembles 
a huge water color picture, the great difference between 
such a picture and a water color being a superabundance of 
detail, which is inherent in photographic pictures and which 
is not desirable in a water color. A photograph can be made 
which will answer admirably for coloring which would not 
be satisfactory as an uncolorcd picture. Such pictures are 
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taken through a large diaphragm or with full opening. The 
foreground is made sharp, while the middle distance and 
distance are softened clown by being a little out of locus; 
however, it is nc^t advisable to try to make negatives 
expressly for colored pictures. 

The jwint for coloring should be moderately light and 
without great contrasts. Inky shadows are to be avoided, 
and it is well to vignette off the distance to give atmosphere. 
The sky should be transparent, unless cloud effects are to 
be shown. While specks, pin holes, and lint are vci’y 
damaging to an otherwise line lantern slide, they entirely 
spoil a picture for coloring. In a picture well broken up, 
as in a woods scene, where little sky ap])cars and when 
there is no placid water, these small defects do little harm ; 
but in a sky or in a clear lake or pond, they can never be con- 
cealed or removed so as to be unnoticed, so that the first 
requisite for a good colored lantern slide is a good juint of 
the proper intensity, and with transparent lights. The 
second recpiisite is a knowledge of colors and coloring, and 
the third and last thing needed is an assortment of colors 
and brushes. 

With regard to the slide itself, it might be mentioned in 
passing that anvthing which tends to harden the film in 
developing, fixing, or after treatment interlcrc's with the 
tree wcjrking of the colors. For instance, alum in the fixing 
bath, intensifying and reducing solutions all tend to harden 
the film and prevent the free absorption of color. 

The first operation in lantern slide coloring is to soak the 
plate in cold water until the film will absorb no more ; then, 
while it is still wet, go over the entire surface of the film 
with a thin wash of warm color, which may be either 
yellow or pink, depending upon the subject. This kills the 
chalky whiteness of the high lights, and gives the entire 
picture a warm and desirable tone, even tln^ugh the wash is 
not sufficiently strong to be detected when the picture is 
thrown upon the screen. 

I'he colors used for this purpose are transparent aniline 
colors prepared for coloring photographs. They are labeled 
brown, blue, violet, flesh, orange, green, and so on. The 
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ordinary aniline dyes may be used instead of the prepared 
colors, as they are practically the same. The manipulation 
of the colors is the same as in water color painting. The 
film is kept wet continually from the beginning to the end 
of the operation, buf after the broad washes of the first 
warm tint and the final sky color, the water lying on the 


Fig. 161. 



Lantern Slide Coloring. 


surface of the film is allowed to dry tiff, leaving the film still 
swelled and wet, but without the surlacc water. 

The prepared cidors can rarely be applied to the slide 
without being reduced with water. Sometimes the best 
effects are produced by mixing different colors before apply- 
ing them, while in other cases the effects are secured by 
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separate washes of dilTerent colors, superposed. I'.ach wa^h 
of color sinks into the him and is not removed by a sub^c- 
quent wash. 

Although an easel or support something like a retouching 
frame may be useful, the writer prefers to hold the slide in 
the hand, as shown in the engraving. The wet plate is held 
in a slightly inclined position in front of a lamp provided 
with a plain opal or ground glass shade. The writer pre- 
fers artificial light for coloring, as the pictures are to be 
shown generally by artificial light which is yellow. If the 
pictures are designed for projection by sunlight, it is un- 
doubtedly better to color them in daylight. 

The first wash is preferably put on while the slide is 
held in an inverted position, and while it is still flowing the 
blue is added for the skv, at first very light near the horizon, 
increasing in intensity toward the top (^f the slide. After 
this wash is set and supcrlluous water has eva))orated. the 
water accumulating along the lower edge of the plate is 
removed with the fingers, and the .slide is turned right side 
up, when the extreme di.'-'tance, whether it be mountain or 
foliage, is covered with a light wash of blue, and this wash 
is brought well down toward the foreground. If the blue 
appears cold, it can be toned down lyv a veiy light wash of 
yellow or red. Trees in the middle di.stance can now be 
gone over with a light wash of orange or orange with a 
little of the flesh color or pink added. When near the fore- 
ground a very light wash (;f green is applied to the foliage, 
but the raw green of the color .set cannot be u.sed for this; 
it must be modified by the addition of orange or of brown. 
If when applied the green appears too cold, it may be temed 
down by a light wash of brown, (jf orange or flesh c(jlor. 
It is desirable to produce variety in the foliage. 

Rocks in the distance are washed with blue and the color 
is subsequently modified by washes of red or brown. 
Trunks of distant trees and some rocks may be left nearly 
the original color of the photograph, but near rocks and tree 
trunks may be tinted with brown, blue, or warm green, and 
subsequently modified by washes of green, red, brown, 3'^el- 
low or orange. 
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!t is useless to trace the smaller branches of trees and 
.shrul)s, iind it is rarely necessary to deal with single leaves 
or blossoms ; when this must be done, a jeweler’s eyeglass is 
reciuired, and fine small brushes are used, great care being 
taken t(j keep within the outline of the object being colored. 
In all this work the artist does well to remember that the 
coloring is to stand the test of great magnification and 
strong light. 

The plate is apt to dry out in some places while the 
coloring is going on at other places. As coloring cannot be 
successfully done on a dry surface, it is important to wet the 
surface before proceeding. This is done by applying water 
with a soft camel’s hair brush. After the siudace water has 
disappeared, the coloring may proceed. 

It is obviously impossible to mention every modification 
of color that may be produced bv mixtures and washes. 
This is something to be acquired by ]>ractice. The writer 
uses very few colors, rarely more than the following : Blue, 
green, brown, orange, flesh, rose and yellow. The last is a 
strong color which must I)e applied with caution. Green 
and blue are also strong colors which can never be applied 
without the admixture of a warm color, or a subsequent 
wash of the same. Brown in different strengths has a large 
application. It is useful in toning down bright greens for 
rocks, tree trunks, earth, etc. A wash of blue over the 
brown produces a useful gray. A light wash of blue or 
green over the different reds produces a variety of grays. 
Black much diluted is useful for toning down porthms of 
the picture. 

The principal points to be observed are to keep the 
plate always wet, to use light washes, to modify color by 
subsequent washes, and in working up details to preserve 
the outlines. 

Should a small area be over-colored, the color ma}- gen- 
erally be partly removed by means of a soft brush charged 
with clean water, the brush being gently and repeatedly 
passed over the spot. The brush is frequently washed dur- 
ing the operation. When the broad washes show streaks, 
or when the entire slide is too highly colored, or the effects 



4o8 


EXPERIMENTAL SCIENCE — APPENDIX. 


are unsatisfactory, the only remedy is to place the slide in 
cold water and allow it to soak, with occasional changes of 
water, until the color is partly or entirely removed. 

It is well enoug^h to bear in mind that a colored lantern 
slide bears all the color that is to appear on the .screen ; con- 
sequently it must be more highly colored than a transpar- 
ency for direct vision. On the screen, however, a picture 
is better under-colored than over-colored. It will often be 
found that prints which are too light and flat for use as 
plain slides answer very well when colored, and pictures 
which are too dark for use as plain slides may be tinted 
with blue and presented as moonlight scenes. 

The tone of the picture may be altered by means of 
colored screens placed in the lantern before or behind the 
slide. These tinters are made by clearing une.xposed plates 
and going over them with different washes. A blue screen 
lowers the tone. A pink screen warms the picture and 
tends to give a purple tone. .V yellow screen warnjs the 
picture and imparts a sunlight effect. 

Brushes for this work should be of the best quality, very 
ooft and pliable, and such as are used for working u[> detail 
.must have a fine point. 

This method applies to portraits and figure pieces. 

The colored slides arc generally mounted in the .same 
manner as the ])lain ones. If, however, the highest perfec- 
tion is stmght, thin plate glass is used for the sensitive 
plates, and glass the same kind is u.sed for covers, the 
cover and colored ])icture being cemented together with 
Canada balsam. Made in this way, the .slides arc more trans- 
parent ; but in view of the extra trouble and expense, the 
improvement over the uncemented slides is hardly sufficient 
to warrant the general application of this method. 

Since the al)ove was written, Mr. Dwight L. Rlmendorf, 
of this city, has written a book on the subject of coloring 
lantern slides, in which he recommends colors of his own 
preparation claimed t(j be permanent, and which require 
the hardening of the film by means of the application of a 
solution of alum before the final washing. 
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Every photographer has seen opportunities for raakmg 
desirable photographs when distance interposed an insur- 
mountable obstacle ; for example, it may be desired to photo- 
graph a group of cattle in the field, which would be scat- 
tered on the approach of a human being, or a distant but 
inaccessible mountain which could only be seen to advant- 
age from a neighboring hill, or a bit of scenery on the 
further side of a river or lake, and hundreds of other scenes 
which attract the eye of the photographer, but which are 
practically beyond the reach of his instrument without the 
device described in this article, by means of which the 
object may be brought into such close proximity as to make 
the work of the photographer very easy. 

Given a distant and inaccessible object, the necessity for 
a photograph, and a photographer desirous of producing 
such a photograph, and Nve have all the conditions for the 
practical use of the telephotographic attachment herewith 
illustrated. I'his is not a tclephotographic objective, but 
an achromatic negative combination to be attached to an 
ordinary photographic lens to amj>lify the image pruxUiced 
by the lens from three lii eight diameters, thereby repre- 
senting the object at from one-thinl to (;ne<ighth the tliv. 
tance shown by the lens without the atlachmcnf ; in «»ther 
words, it enables the operator with a ])h(»togra[>hic lens to 
obtain a photograph of an object on a much larger scale 
than can be obtained with the lens alone without the tele- 
photographic attachment. 

During the late war with Spain, the desirability of pro- 
curing photographic negatives with the aid of a telephoto- 
graph became very apparent. Mr. Dwight L. Elmendorf, 
of New York city, who has made a special study of this 
method of photography, followed the campaigns in Cuba, 
both on sea and land, and with the aid of the telephoto- 
graphic camera obtained some remarkable photographs of 
troops in action. Manj^ of these photographs were taken at 
a great distance from the scene of action, so that the photo- 
grapher was in comparative safety w'hile engaged in taking 
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the views. The results obtained, however, do not justify 
this supposition, as, from all appearances, the men appear to 
be in close proximity to the camera, and one would judge 
that the intrepid photographer was having a hot time of it. 
There arc immense possibilities of a very practical nature in 
the use to which this method of photography can be put, 
and it should prove of great value in warfare in determining 
the nature of the enemy’s country, in making observations 
of special objects and fortifications, and in obtaining a 
record of the positions of troops while maneuvering or in 
action, while they are at a considerable distance. 

We give an example of the work that may be obtained 
by the use of the tclephotograj)hic attachment. The smaller 


Fic. 102. 



Photosraptiic Lens with Telephoto Attarh'i.ent. 


picture is a view of a large summer hotel in Maine, which 
was taken on an 8 x lo plate with a rectilinear lens. The 
small space inclosed by the parallelogram contains what 
appears on the larger plate magnified seven times. Both 
views were taken from the same point, one with the photo- 
graphic lens alone, the other with the lens provided with 
the telephotographic attachment adjusted to magnify seven 
times. This attachment is of great utility in taking views 
with even much less magnification than that here shown. 
It is very useful in making pictures of buildings, especially 
high and inaccessible portions, as it permits the operator to 
take the view from a point far enough away to avoid the 
distortion common to pictures made with the lenses of wide 
and medium angles. 
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The attachment is shown as applied to a Zeiss anastigmat 
6fx8^ lens on an 8x10 box provided with an extension, to 



enable the parts to be adjusted for a magnification of eight 
times. This necessitates a camera box 42 inches long, 
requiring the use of two tripods. The extension on the 
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A Hotel in Maine Photographed with Ordinary Lens. 


Fig 
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Photograph of Same Building from Same Point with Telephoto Attachment, Distance Nearly Two IWrs 
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back of the camera box is 22 inches in length, and is used 
fully extended only for magnifying s x, seven or eight times. 
For making views with a magnification of three, four or five 
diameters the rear bellows is closed, and the apparatus is 
supported on a .single tripod. 

The telephotograj)hic attachment represented in one of 
the engravings with a Zeiss objective inserted in the outer 
end is shown partly in section, to more clearly illustrate 
the construction. The rear (u* flanged end of the attach- 
ment contains an achromatic negative or concave lens which 
corresponds to an amplifying lens in a microscope or tele- 
scope. To the tube containing this lens is fitted a sliding 
tube, in the front end of which is placed the photographic 

Fig, 166. 



Course of the Rays through the Telephoto. 

lens projier. The sliding tube is adjusted by means of a 
rack and jiinion; the latter being turned by the milled 
wheel. 

As the amplifier magnifies any imperfections that may be 
in the lens to which it is applied, it follows that none but 
the finest lenses can be used in connection with the attach- 
ment. It has also been ascertained that it is necessary to 
have the negative lens fitted to and corrected for the photo- 
graphic lens with which it is used. After the rays cross in 
the photographic lens* and diverge within the camera, the 
central ones are rendered still more divergent by the achro- 
matic concave lens taking the course shown in the diagram. 
It will be seen that only a small portion of the rays received 
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and transmitted by the photographic lens pass through the 
amplifying lens. The time of exposure is, of course, much 
longer with the telephotographic attachment than with the 
photographic lens alone ; that is, it is approximately propor- 
tional to the square of the magnification. For example : 
If, with the photographic lens alone, the exposure would 
be one sixty-fourth of a second, with the telephotograph 
adjusted to magnify eight times, it would require an expo- 
sure of one second ; but there is considerable latitude in 
exposure in a telephotograph, and it is well enough to give 
a little more time than the rule calls for. 

The principles underlying the use of the camera for this 
kind of photography arc so simple that there is no reason 
why anyone having any taste for photography should not 
quick y become accustomed to its manipulation, with results 
that will be found most novel and gratifying. The expense 
is trifling, as the ordinary camera and lens may be used, the 
extra length being obtained by means of the box extension 
at the back of the ordinary camera. This box extension is 
clearly shown in the engraving. Of course, owing to the 
length of the complete apparatus when assembled for tele- 
[)h(>tographic work, two tripods are necessary. We present 
in one of the views a detail of the telephotographic attach- 
ment and a diagram showing the path of the rays before 
they reach the plate as indicated above. The whole sub- 
ject is teeming with interest for the amateur photographer, 
and the most interesting and startling results are often 
obtained. 


THE CHKOMO-CAAIERA. 

The chromo-camera is the name given to a new appa- 
ratus for the study of colors and colored lights. It consists 
of a cardboard box measuring 6 x 6 x 3^ inches and open at 
one end. The b(jx or camera is covered with black cloth 
and the interior is lined with dead black paper. A cover, 
also black, closes the open end. On one side is an opening 
3;; X 75 inches, the lower edge of the opening being i inch 
from the bottom of the box. With the box are three 
“ tinters,” such as are used in color-projection lanterns. 
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These tinters are made by inclosing a film of colored gela- 
tine between two lantern slide covers. A slide mat is 
placed over the film between the glass covers, and the 
whole is bound with paper on the edges. One of the tinters 
is a deep orange red, one is yellowish green, and the other 
is light violet ; these three tints in a color-projection lantern 
give a white light on the screen. There shoul^i also be 
with the camera a number of squares of colored papers, 
such as are sold in packages of assorted colors for use in 
kindergartens, some colored fabrics, ribbons, etc., natural 


Fig. .67. 



The Chromo-Camera. 


or artificial flowers, and a sheet of stiff white cardboard 

X 6 inches. 

The chromo-camera is the invention of Mr. Charles 
Barnard, of New York, and was first used by him in his 
school lectures on the study of sense impressions of color. 
The color-camera is used to examine the colors of objects 
placed in a colored light, and to enable the student to 
mingle diffused white light and a colored light in various 
proportions. The invention is here described for the first 
time, and is freely dedicated by the author to the use of 
students and teachers. 


THE CIIROMO.CAMEl<A. 




To use the color-camera, place a table close to the win- 
dow having a north or sky light free from reaectlona from 
buildings or trees, and cover the S ’ 

paper. Remove the cover from the ^x, P 
the tabic with the opening uppermost 

end ewey Iron, the iight. The side curtmo. sb.^ W 
dra>vn together to mask the "f-t/ron. the e,^ 

, ,?h. a sFCe in the center a little .v.rfer tha« «» 

Draw the shade down to about on the line ol the evtv wben 
sealed behind <\\e l;vb\e. Vwo ‘»r three jH-rM.ns ou fth ;it 
the table where they can see the interior ot tlic l>i\. Tf;r 
teacher or operator should stand at one side <>f fhe tubic 


behind the curtains. Here the tinters. colored papers, etc., 
are in easy reach. 

The box is now fully illuniiiiated by the light that falls 
through the opening and by the reflected light that enters 
the open end. Place a sheet of red paper in the box. It is 
plainly visible. Now lay a book over the opening in the 
box. The red paper now appears to be almost black in the 
dark box. 


Remove the book and paper, and place the red tin ter on 
top of the camera near the back. Slide it slowly forward 
toward the light and let the students watch the interior of 
the camera. When the glass fits the frame, and covers the 
opening, the interior of the camera appears to be of a very 
dark red, the color being faintly visible near the edge of 
the opening at the back, and fading away to dead black 
inside the camera. Place a sheet (d white paper in the 
camera, and it ai)pcars a bright pink. The fingers are rosy, 
and a white flower is pale red. The effect will be improved 
by placing the cover of the box on edge just above the 
opening. Remove the red tinter, and the paper is again 
white. Place the green tinter over the opening, and the 
paper is a pale grass-green. Place the violet tinter on the 
box, and the paper is violet. 

What has been accomplished? The light contains all 
colors. The tinters act as strainers. They shut off or strain 
out all colors except one. The paper capable of reflecting 
.all colors (white) finds only one, and, therefore, reflects that 
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one and no other. It would reflect it perfectly were it not 
for the fact that some white lif^ht is reflected into the back 
of the box. and mingles with the colored light. It is this 
that causes the pa{>er to appear pink under the red tinter. 

Remove the white paper and put the red tinter in place. 
Put a red paper or red flower in the camera. It appears a 
deeper red. Now remove the cover from the top of the 
box, and let the operator hold the sheet of white cardboard 
upright on the edge of the box. Now gently tip it forward, 
and at tlm same time move it backward. It acts as a reflec- 
tor. and throws more white light into the box, and the rial 
flower changes its shade itf red, becoming lighter in shade 
as more white light mingles with the colored light. 

Remove the flower, and place a sheet of pale yeliow 
paper in the camer.i. It is now a deep golden orange, and 
b\’ the aid o! tiu- reflector', the color can he made to i h.'in^e 
from \eiiow to .a', nice, ’fhe ■'ame ctleci can he produced 
hv shMu.'c: ihi' tintei' hai k to .diow .'i thin •'lu i‘t ol lioht to 
cm ' : t he oj .1 u: . Remo ve t he \ r] low paper, and pi.u e .1 

shel l (it gn en iMper in tiie • .ini< i,i. it a]>pears neither is d 
nor i^r'i'cn, !/ut \il!ow'. 1 he <\'e i-- ii' iw 1 ci < i\ ing t u o 'sen- 
sations. ;i seie-ation oi red iron, tliered light in t he earner a 
and a sen '•at ion ot green troiu the green paper ]»artlv dlu- 
m'uvateiV \>v wliite light tl\at contain'- green. 'I'lie compound 
scU''al\ou we call yeWow. Uy e\\dnrg hire tinter backward, 
or using the rc\lcct.or, \)a\)er can lie made to \)ass fra >111 
green to xeWow tbrougli many beautiful tints ai^d shades. 
Place a white rose in the box, and we shall sec a pink rose 
with ycUinv leaves. Place a blue flower or blue paper in 
the camera, and we shall see a purple flower or paper. 

Put the green tinter on the camera. Now yellow paper 
is olive green, blue paper is Nile green, bright red paper is 
dark brown. A red rose is almost black brown, while its 
leaves are a vivid green. Slide the tinter forward and 
back to observe the color change. Try the violet tinter, 
and under the violet ' light every color will suffer endless 
changes, as the proportion of white light is allowed to 
mingle by means of the reflector with the colored light. 

These experiments, nov^el and beautiful as they are, can 
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be greatly improved by using the color camera in full sun- 
shine. I Mace the table close to a sunny window in the full 
sunlight, the best time being between 12 and 3 (j’clock. 
Draw the shade down till its shadow just touches the, back 
of the camera. Now the shaders of the camera will fall on 
the black cover of the table, and ujjon it will be a stpiare 
of sunlight from the opening in tlie b<jA, this scpiare of light 
being partly within the box, according to the position of 
the sun. liy tilting the box up at the back it can Ijc thrown 
inside the box, but if the curtains are closely drawn, and 
the other windows are tlarkened, the effects can all be seen 
on tlie table outside the box. 

Now all the experiments can be repeated with the most 
brilliant results. With tlie red linter a sheet of blue 
papi'r a[)pears a wonderful purple, green is a splendid gold 
color, an<l yellow a red orange. Kverv co'c.r, single or 
c.iinpouiid, will appear in inarvehnis briliiancv. and tin; 
stu<lents will be loNt in wonder at the end!e'«> cnnbi.'.atiotis 
of tint and sh.ide ol flowt.T'', jMper and otlier tnaieriais 
undiT the magic ol two light", white light atid a colort'd 
liglit. 

1 ake a j>ii’ce of < ardboard and cut in it a "tnall cross, 
star, or other ligure. Lay thi"over the ted tinter, and in the 
camera we sliall sc'e the figure in \i\id real on a Mack back- 
giound. I’lace a g'^rcen paj)er in the cai/nera, iiiul the h<^urc 
seems to shine with un orange yellow li^ht. Try each 
tinter irO the full sunlight, and a great variety of beautiful 
effects will be observed. 

Next take the color camera to a go d north light. Place 
a sheet of white paper on the bottom of the box, and upon 
this lay a penknife, rule, pencil or other small object. Put 
the object about an inch from the front of the box. The 
light that falls into the open box causes the object to cast a 
shadow on the white paper. Now place the violet tinter 
in the top of the box, next to the front. Now let the oper- 
ator move the tinter slowly backward till it covers the 
opening, while the students fix the attention upon the 
shadow’ in the box. When the opening begins to be closed 
by the tinter, the shadows deepen. A faint violet fringe 
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appears on the edge. This grows deeper and deejier as the 
violet twilight in the box decreases. Suddenly, another 
color appears. The shadow suggests yellow, and just as 
the tinter closes the opening the gray shadow turns to a 
pale ghost-like yellow. Bv using tlie reflector the shadow 
can be made to turn from gray to I'ellow at will. W ith the 
red tinter the shadows are green, with the green tinter they 
are red; in each case the shadow is of the complementary 
color of the tinter. 

Students and teachers will tuid the chromo-canu'ra both 
useful and entertaining in the study ol color. Such evj'cri- 
ments tend to train the eye to a finer approci.itiou of the 
distinction of color, hue ami shade, and such training can- 
not fail to add to our eujovinent of nature ami art. 

|,1L' VDkUI'I.K COMPOI ND IlARMoMC \U) riO\. 
i:v M. J. Ill >1 KKl-.U, s.J. 

As the science of phvsics advam‘e>, harmonic motion of 
sonic kind or other is found to be at the bottom of almost 
all {ihenomena. Some of tiu- e\i>erimeuts, esjit'ciallv t'.iosc 
in compound harmonic motion, are very interesting .and 
instructive. The phv^ici^t’s ordinary instrument for this 
purpose is the double- pendulum, in which a needle is made 
to trace ujion a glass plate the resultant of two pendulum 
motions in planes at right angles to one another. If the 
two pendulums are i-oc!ironous, the needle will trace straight 
lines, ellipses, or circles, according to the phase of oscillation. 
If the pendulums .ire not isochronous, but of lengths corre- 
sponding to the sejuares of the ratios i;2, 2:3, 3:4, 3:5, etc,, 
the needle will trace a series of curves similar to those 
represented on page 422, i, 2 and 3. 

If, however, the plate-holder itself be suspended by a 
thread, so as to move without friction, and then be attached 
to two other pendulums, and .all four be set in motion, each 
with its own time, phase, and amplitude of vibration, the 
result will be a new scries of figures, more numerous and 
far more beautiful than the preceding. 1 hen a calcium or 
electric light may be placed under the plate and the figures 
thrown upon a screen while in course of formation. The 
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Quadruple Harmonic-Motion Pendulum. 


<?fTect can easily ho iniag-incd — a perfectly dark field, rcceiv- 
in>j gradually bright, white light, in the shaiK' oi inagnilicent 
ctirves, circles, stars, and :in almost unlimited number of 
other figures. 
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Figures Produced by the (Juadruple Harmonic Motion Pendulum 


Fig. i68 represents a (quadruple harmonic motion })en- 
dulum, designed by the writer and constructed under 
the direction of Rev. T. J. Freeman, S.J., professor of 
physics at Woodstock Cf)llege, Woodstock, Md., and used 
with good effect in a jmblic lecture on harmonic motion. 
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It consists of a solid table 40 inches in height ; four 
leaden pendulum weights, of 12 pounds each, and capable 
of being raised or lowered at will ; four ^-inch brass tubes 
resting upon knife edges and carrying gimbals at the top 
with steel wires, which are connected hinge-fashion with 
the needle, N, and the plate-holder, P. This plate-holder is 








14— CU)^c ratio. 
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16 — Rati-j "9-//J. 



17— Ratio o-.n :i't is. 


Figures Produced by ihe ( )uadru[>le 1 Iirrr*(jni(.-Motion Pendulum 


suspended frf)iTi a standard 20 inches in height, and carries 
a darkened glass plate, upon which the needle moves and 
traces its circuitous paths. An excellent plate-darkencr has 
been found to be a thin coat of vaseline covered with lamp- 
black. These plates, if covered with another coat of varnish, 
serve the purpose of first-class negatives for photographing 
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the curves. Then there is the ordinary apparatus for pro- 
jection, L, being a metallic inclosure for the lamp, and the 
key, K, the axis of a mirror which reflects the light up 
through the plate, P, and into the prism, M, whence it is 
thrown upon a screen. And last, but not least, there is a 
contrivance for determining the phase and amplitude of 
vibration, two elements in these figures only second in 
importance to time itself. The amplitude depends upon 
the length of the cord, r, which, beginning at the key, K’, 


Fig. 1^*9. 



Li't-of! Mechanism, 


and jKissing ilown through the tube, T, and then through 
the screw-eye, is fastened to a small hook, //, hanging from 
the block, b. This hook is raised uherebv pulling the 
pendulum towartl the screw-eye, and put up through a 
liole in the block, at the toj) of which the hook is caught 
by the end of a little lever, / (Fig. 169). This lever is con- 
nected with the adjacent pendulum, a, by means of the 
thread, /, whose exact length, adjusted by means of the 
thumb-screw, s (see Fig. H»8), determines the phase i>f 
oscillation. '>■ 
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Fig. 1 71 gives a view of all three levers and their con* 
nections, and Fig. 169 the same in a different position. It 
will be noted that pendulum, a (Fig. 169), is set off by hand, 
and then a, pulling the lever, /, sets off pendulum, b, then b 
performs a similar service for c, and c for d, and supposing 
each set of pendulums to be isochronous, both needle and 
plate will circle around in the same direction ; that is, 
counter-clockwise. In Fig. 169 the needle and plate take 

Ek;. 17... 



Mcth'xl of Uu* Fi'jiires. 


opposite dirccti(jns, thereby producing an entirely different 
class of figures, eacli class containing an endless number of 
varieties, determined by modifications iti time, phase and 
amplitude. A few (ff the more striking figures arc shown 
in the accompanying cuts. * 

It may be asked here whether there is any way of telling 
by inspection the amplitude and oscillation ratio of the two 
circular motions required to produce any of these figures. 
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The answ or to these questions is much simpler than may at 
first be imagined. First, the ratio of oscillations may be 
known from the number of points or loops in the figure, 
since the number is always equivalent to the sum of the two 
numbers of the ratio, e. g., 2:3 = 5 points or loops (2, 5, 
6, 7), 3:4 = 7 ( 2 , 8, 9, 10), and 5:7= 12 (2, ii, 12). But 
how can a person tell whether, for example, the ratio 
was 5:6=11, or 4:7=11.? By this simple rule: The 
lesser number of the rati(j is invariably one greater than the 

Fk. ITt. 



number of points or loops cut olT bv any line in the figure, 
as may easily be verified in 2, 6, 8, 9 12. Secondly, the 
amplitude of the two circidar motions may be found in 
the following manner: Tiie distance from the center to the 
farthest part of the figure is the sum of the tw'o required 
amplitudes, and the distance from the center to the nearest 
part of the figure is the difference of the two amplitudes, and 
from the sum and difference the two amplitudes themselves 
may easily be found. 5. 6, 7, of the ratio 2 : 3, and 8, 9. 
10, of the ratio 3:4, show how figures of, the same ratio 
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may be varied by a simple chanj^c of amplitude. 2, i 
14 and 15, 16, show how the resultants may be varied I’V 
starting the plate and needle in the same or opposite diree 
tions. 17 is a sample of what may be obtaineil by having 
all four pendulums of dilTcrent lengths. 

19 shows how the resultant of quadru{)le harmonic 
motion mav be plotted beforehand and then verified upon 
the pendulum. The diameters of the two circles represent 
amplitude of swing, and the divisions of the circumferences, 
distances traveled in equal times by the needle and the 
plate. Then the algebraic sum of the sines and cosines at 
each instant, i, 2, 3, etc., after starting will give the e.vact 
position of the resultant at the same instant, and a line pass- 
ing through all these points will describe the figure which 
the combined motions of all four pendulums would, under 
the given conditions, produce. 

It may be remarked in conclusion that the star-shaped 
figures beautifully exemplify the action of {ilane polarizeil 
light in passing through cptartz crystal, where, according to 
theory, the beam is broken up into two circularly polarized 
beams going in op[)Ositc directions and at different speeds, 
thereby shifting the original plane bv an angle projiortional 
in size to the thickness of the crystal. 


N'>iii;.s ,\\i> I,' '( )]•-,. 
liv M. j. iioi-i-.kr.K, s.j. 

To anyone who has e\«,r att( nipted to explain tlie action 
of sound waves in an organ pipe, tiie contrivance shown 
will at c>ncc commend itself. Ordinary textbook diagrams 
serve oidy to bew ilder the studt nt on this somewhat intri- 
cate point in physics. He is constrained to fix his attention 
at one and the same time upon two difierent longitudinal 
waves meeting each other at every possible phase ami 
always under the guise of sine curves. What a relief could 
he turn from the lifeless jiage of his book to an illuminated 
screen where the direct and reflected waves might be .seen 
moving toward each other with perfect distinctness and 
the resultant showing itself at every instant with infallible 
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accuracy, ind where, above all, llie corresponding longi 
tudiiial waves might be seen advancing side by side with 
their disguised representatives! Such precisely is the result 
obtained bvthe sound-wave lantern-shcle. It was devised 
1 )V the writer under jtressure of the above difficulty. 

Fir,. 172. 




Diagrams of Sound Waves. 


It consists of a wooden frame of a size suited to the 
lantern and four half-inch rollers about which moves a 
transparent belt of celluloid him. Upon this is traced a sine 
curve together with the corresponding longitudinal waves 
represented by dots properly spaced. The two inner rollers 
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serve merely to brin‘d both parts of the belt together inti 
focus, as shown in Fig. 173. A wire sine curve whici 
revolves t)nce for everv wave on the belt re[>resent^ 
the resultant of the direct .and reflected waves at cver\ 
possible phase or combination. This wire sine curve is c on- 
nected with one of the rollers bv means of small cogwhe els. 
Now, by turning the thumb-serew at the end ol the slide, 
the rollers are made to revolve, and cme part of the belt to 
move to the right and the other to the lett, thereby causing 
the waves to advance toward one another continuously. 
The wire sine curve keeps exact j>ace with the two waves 
and shows at every instant the algebraic sum of their com- 
bined ordinates. The perpendicular dark lines crossing the 
field mark the position nf the stationary nodes and loops. 


Fi<;. i7;v 



EJfjr-i View of the L 'dkbs Film. 


T 1 k‘ practical result'^ the* a}>[>aratus will \)v better 
understood by inspecting l'’i.i;. 'rtnr hist live show 

the direct and reflected W ives under various redations of 
phase together with their resultants, uhic h are rc-p.»-esented 
by the heavy sine curves. In No. 1, where the waves 
are exactly cipposed tcj cme a.iothcr, tlic* resnlttmt is zero, 
and this is represented on the screen by the wire when its 
curves are in the same plane as the e\e of the observer. 
The other four diagrams sliow a gradual increase in the 
resultant, until in No. 5 it is almost a maximum. 

Nos. band 7 are a representation of two ways in which 
the curves may be traced upon the film. In No. 6 the ordi- 
nates of the sine curve represent displacement of particles ; 
the ordinates above e ar displacement to the right of the 
ooint of rest, and those bchnv c? .r displ.acement to the left. 
In this case, howe ver, an allowance of I.alf a wave- length 
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invisi hr m.rlr in tlir position of the resultant, owinpf to the 
iart llial i and h it have interchanged places in the 
rr llrcted wave. This point is beautifully slK)\vn upon the 
scirrii. In No. 7 f he ordinates rej)resrnt different decrees 
of rarefaction and condensation, whicli, not bearing the 










9 




Wr 












Sound Wave Lantern Slide. 


relations of riijht and left, aie not disturbed by being 
reversed in the reflected wave. The displacement inethoil. 
however, has the ailvantag'c of beinjj more realistic and 
tletinite, as in this case the transverse displacement in the 
sine curve corres])onds exactly to the longitudinal displace- 
ment of air particles in sound waves. 



432 


F. X V i; 1 U M K N r A L sr IF N ( ' i;— A 1 ' 1 “ I : N 1 ' 1 X . 


rou 1 -SKN TE I.Ec: K Al’H (F\ E. 

FROM THE SCIENTIFIC AMERICAN. 

One of the most interesting devices exhibited at the 
Paris Exposition is the telegraphone invented by the Danish 
engineer, Valdcmar Poulsen. The principle of the appara- 
tus will be understood from the diagram, Fig. 176, in which 
E is an electro-magnet of small dimensions, placed in a tele- 
j>hone circuit including the battery, B, microphone trans- 
mitter, M, and receiver, T. . The poles of the electro-magnet 


Fig 175. 



Pouhen’s Ribbon Telegraphone. 


are very near together, with just sufficient space to allow 
the steel wire, a b, to pass ; the wire may be drawn forward 
so as to bring its successive portions between the poles. 
The wire used is steel piano-wire of about one-fiftieth inch 
diameter, and it advances at the rate of seven or eight feet 
per second. The arrangement resembles that of an ordi- 
nary phonograph in which the wire, a b, replaces the wax 
cylinder, and the magnetic flux between the poles, the 
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stylus. 'I he sound is recorded in the following manner; 
when the microphone is spoken into or otherwise receives a 
series of impulses, the electric impulses set up in the circuit 
cause variations of current in the coils surrounding the 
electro - magnet, and in consequence the magnetic flux 
between the poles undergoes a series of variations corre- 
sponding to the original sound waves. These magnetic 
pulsations act in turn upon the steel wire as it passes along 
in front of the poles, and magnetize it transversely ; each 
part of the steel wire thus preserves its part of the magnetiz- 
ation, which depends u{)on the strength of the flux at that 
instant. The magnetic trace upon the wire thus corre- 
sponds exactly to the original sound waves. It remains 


F;.,. 1-6. 



Diagram Showing Principle oi Poulsen's Invention, 

only to reproduce the recon I ; tliis is tk)nc by conneciir.g 
the receiver to the terminals of the electro-magnet and pa,s^- 
ing the wire again between the magnet poles, in the same 
direction as before and at about the same speed. *\s its 
magnetization varies from point to point, its nHtvement 
between the poles causes a variation in the magnetic flux 
and sets up a series of pulsating currents in the circuit, 
corresponding in form of wave with the preceding, and 
thus a sound may be heard in the telephone receiver which 
corresponds to the original. 

M. Poulsen had constructed several different types of 
the telegraphone before reaching the form shown at the 
Paris Exposition. With this instrument, the sound as heard 
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in the receiver is very distinct and is entirely free from the 
disai^reeable scratching noises generally heard in the phono- 
graph. The illustratit)n and diagrams, I'igs. 177, 178, aiul 1 79, 
show the general appearance of the instrument and the dis- 
position of the various parts. A drum ai'out 15 inches long 
and 5 inches in diameter revolves between two sui)ports 
fixed to a metal base; at one end of the cylinder is a pulley 
which receives a cord passing below to the motor. In this 
case an electric motor is used, connected with the main 
lighting circuit. The drum is of brass and has a spiral 
groove in its surface in which is wound a continuous layer 
of steel piano wire about one fiftieth of an inch in diameter; 
the wire makes about 3S0 turns. The carriage containing 


Fig. 177. 



Top-plan View of the Wire-wound Drum and Recording Magnet. 

the electro-magnet slides upon a rod which extends across 
between the brackets. The electro-magnet, shown in sec- 
tion in the diagram, has its cores formed of soft iron wire 
about f)ne twenty-fifth of an inch in diameter, surrounded by 
electro-magnets about two-fifths of an inch long, wound 
with fine wire. The |)oles are brought near together and 
the ends are sharpened and slightly curved on the inner sur- 
faces so as to partly embrace the wire. The coils arc sur- 
rounded by insulating material, which consolidates the 
whole. The magnet, M, is held above the wire upon a sup- 
y)ort S, and into it is fitted a contact-piece, C, carrying a 
flexible cord for the current. To guide the magnet along 
the wire by the points alone might injure these, as thev are 
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somewhat delicate, and iiccordingly a j^uidinj^ arrangement 
has been j)rovided which consists of a steel knife-edge, K, 
fixed to an arm in the rear; the arm is fixed to a brass 
sleeve, B, which slides upon the main rod. In this way, the 
carriage, which rests also upon tlie sleeve, is guided by the 
knife-edge. The arrangement devised bv Bcjulsen to luring 
back the carriage to t!\e starting point is simple and ingeni- 
ous. As the cylinder turns, the carriage is thus guided to 
the end of its course; at this j>c»int is fixed an inclined plate, 
S, carried c)n an arm, seen also to the left <)( the illustration. 
The [irojecting j)iece, T, of the lever. H, strikes th ; plate, 
and the magnet carriage is lilted back in the direction of the 
arrow; tlie lever then engages with a catch, E. It will be 
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seen that if the carriage is now moved to the right, the rear 
arm, A, will be lifted bv the weight of the carriage around 
R as a center. This causes the button, K. to engage with a 
wire, P, which is wound spirally around the rod, (), and as 
this rod is revolved by a pullev the carriage is brought back 
to its starling point. The chain, shown at L, serves to hold 
the magnet off the wire when not in use. 

In order to produce conversations with the utmost dis- 
tinctness, the wire-wound drum must be rather rapidlv 
rotated. Experience has shown that a velocity of i.bg teet 
(0.5 m.) per sec*)nd gives the best results. A conversation 
of one minute in duration could, therefore, be recorded on 
98.4 feet (30 m.) of wire, which is approxim.atcly the capacity 
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of the instrument illustrated in Fig. 179- flut, ior the ordi- 
nary requireniei.ts of life, this time is far toi) short. f..ongtr 
conversations are recorded and re[)n)duci‘i.l by nK'ans of the 
apparatus shown in Fig. 175, in which a v ‘i v thin, flat steel 
ribbon, resembling a telegraph tape, take> the place tif the 
wire. The ribbon, A, passes from one roll over a standard 
mounted in the middle of the aj'paratus to a secoml ieiei\- 
ing roll. Upon the standard the electro-magnet — not shown 


Fig. 170 



Poulsen’s Wire Tclei^raphone. 

in the illustration — is mounted, the two poles of which arc 
arranged transversely to the ribbon. The principle is the 
same as that of the instrument previously described. 
Although the layers of the ribbon are tightly rolled in a 
coil, the magnetism of one layer exerts no influence what- 
ever upon the magnetism of the adjacent la} crs. 

A conversation once magnetically recorded can be 
repeated indefinitely. Experiments which have been made 
show that a conversation can be reproduced from one to 
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two thousand times without any perceptible diminution in 
clearness. 

To efface the record, it is necessary only to pass a cur- 
rent from a few cells of battery in the circuit of the electro- 
magnet, when the maf^netization of the wire is equalized 
and it is ready to receive another record. Poulsen recently 
presented an account of the tclej^raphone to the Academic 
des Sciences, in which he explained its principles. He also 
noted an interesting experiment which has been made by 
his assistant, M. Pederson, who had charge of the instru- 
ment at tlie Kx[)Osition ; this is the registering and rej)ro- 
ducing of two separate conversations on tlie same wire. 
I'wo electro-magnets are used, whose windings are com- 
bined so that eacli is insensible to the record produced by 
the other. The first electro-magnet has its windings con- 
nected in scrie", an<l the second in opposition; under tVie'se 
conditions the records produccfl by the two magnets may 
be superpo.scd and separated at will. The superposition of 
the two magnetic curves has the effect of a resultant in 
each point of the steel wire, but as one of these components 
is always neutralized by one or the other of the receiving 
magnets, it is seen that by using one or the other set of 
magnets, the first or second series of components may be 
received, that is to say, the first or second conversation. 

The telegraphone is already in practical operation in 
several telephone stations in Denmark, and by its use tele- 
phone messages may be received and kept indefinitely, A 
subscriber may thus receive messages which have been sent 
in his absence. 


AX “ELECTRIC EARTH CLOCK” ITs CONSTRUCTIOX. 

nV N. .MONROK HOl’KINS, -M.S. 

The evolution of devices for the measurement of time 
according to the modern conception has required unnum- 
bered years, the birth of mechanism for indicating the prt>- 
gress of time being veiled in obscurity. 

The shadow cast by a vertically arranged rod eventu- 
ally suggested and led to clab^irate sun\lials. subsequently 
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Many writers on the history of horoh;^)* attribute the 
invention <jf the first true inuchine, tfiat is, a device witii 
weighted inecimni.sin, j^^ear wheels, and some form of slow 
escapement, to Pacificus, an archdeacon of Verona, in the 
ninth century, but confirmation of their being really 
machines is incomplete. 

l^robably the first genuine clocks made their appearance 
in the twelfth century, the first detailed description being 
that of a time-piece sent by the Sultan of Egypt to the 
Emperor Frederick the Second in 1232. 

A clock was erected in the old tower at Westminster in 
1288, and in 1292 another is described as resembling the 
more modern styles of mechanism save the principle and 
character of the escapement. A more minute description 
of a clock with gear wheels was published with the date of 
1348, taken from Dover Castle, and c.xhibited in working 
order at one of <.)ur recent expositions. 

De Wyck in 1379 built a dock for Charles the Fifth, of 
France, which was also placed in a tower, with its move- 
ment controlled by a rotating weighted escapement. The 
forms of controlling devices or escaiiements now multiplied 
and expanded into numberless designs, (lejiending upon 
various jirinciples until the discovery and application of the 
pendulum three centuries later. 

The origin of the pendulum as applied to clocks is also 
disputed and obscure, being claimed by various persons 
engaged in clock making at a very early date. 

Galileo, through his careful observation of the swinging 
chandelier in the old church at Florence, is generally 
credited with the discovery <;f the laws of the pendulum, 
among which is included the interesting fact that a pendu- 
lum will vibrate through arcs of varying magnitudes in the 
same time, provided the arcs arc all included within a 
rea.sonablc limit. 

In the electric clock designed by the writer, advant- 
age is taken of this fact that a pendulum will ‘‘beat 
ei'iual times” whether the arc be large or small within the 
required limits. This clock, unlike the usual construction, 
has its pendulum mounted upon a hardened steel knife 




Front and Side Views of Electric Clock. 


‘ The first illustration f)f the clock was taken from a 
photograph, before being mounted on its wooden base 
under a protecting glass case. This clock, if very carefully 
i)uilt, with its pendulum accurately adjusted for the lati- 
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tiulc (if place where it is to be used, will run with precision, 
unci recpiite little or no attention for very long [)criods of 
fiinc. It has been styled “electric earth clock” by the 
writer, as the electric current produced by a series of 
metallic plates buried in tin; damp ground is sufficient to 
keep the delicately mounted pendulum in motion, which in 
turn moves a light and well-balanced train of simple wheels 
and hands. 

Fig. I St is the reproduction of a working drawing 
illustrating front and side views respectivelv. From this 
drawing the principle and working of the clock can be 
easily understood. The clock from which these illustra- 
tions were made stands 23 inches high, including the base, 
being suitable for a mantel in a library or office. 

The pendulum of the clock is kept in motion by minute 
electrical impulses through the agency of the four sole- 
noids, A A A A, which attract four iron tongues, B B B B, 
mounted at the e.Ntremities of a brass spider, C, which 
carries the hardened steel knife edge. A little automatic 
switch carrying a platinum-tipped hammer, D, falls from 
side to side with the vibrations of the pendulum, and throws 
in and out of circuit the magnet sjiools at the proper times 
to maintain the motions of the jiendulum. The connections 
are made from little insulated studs attached to the face of 
the plate, F, as illustrated. 

The mechanism of this clock is extremely simple. The 
brass spider, C, which supports the iron tongues, the knife 
edge, and the mounting for the pendulum, F, also carries 
through the medium of the pendulum mounts, which will be 
taken up in detail later, two little bars which pass through 
the back plate, G, of the device and operate a little arm, 
11, which moves llie seconds wheel, one tooth, lor each 
swing of the governing pendulum. It then remains to />ro- 
perly gear the motion down for the minute and hour hands 
respectively, the gearing for which is also taken up later in 
detail. 

Fig. 182 shows the back plate, G. and the scheme for 
driving the arm, H. which moves the seconds wheel. I. for 
each swing of the pendulum. The plate, Hj, has a hole cut 
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from its center through which the little bars pass from the 
mount, F, which svvinys with and supports the pendulum. 
The arm, J, is simply pivoted to the back plate as indicated. 


Fig. 182 



The thrust, or distance through which the arm, H, moves, 
can be regulated to a nicety by screwing the little block, 
L, along the screw, M. Tlie weight of this little block and 
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the arm it carries is balanced by the running screw weight, 
O, on the opposite side, in order that the pendulum may 
swing fairly. The ends of the little bars which come 
through the plate from the pendulum mount and receive 
the end of these screws can be seen at P P. The hardened 
steel knife edge is also shown in the center resting on its 
tempered steel support, Q, between the ends of the little 
threaded rods. 

Believing now that the entire scheme and working 
jjrinciplc of this time-piece is thoroughly understood, the 
writer takes up the detail [xirtion and gives the figures and 
measurements necessary for the cijnstruction of a successful 
clock upon the present design. 

Fig. 183 illustrates the detail of the back plate and in- 
dicates the dimensions. This j»late is turned out on the 
lathe from brass one-eighth iiu h thick, as it serves to mount 
the entire mechanism of the clock. The holes around the 
edge are for attaching the magnet s]>oo!s. and the three 
verticallv drilled ones for bolting on the upright standards 
for carrving the face and gearing. 

The four small holes uiuler the central opening arc lor 
the support to the knife edge, and the two large hole'' at 
the sides serve for mounting the plate, H, which iias .at- 
tached the little studs for making the neccssarv electrical 
connections, rids plate, not illustrated in detail, measures 
5 inches in diameter and has a 3I inch ojiening in tlu- 
center. I'or appearance, this plate is also turned tiom 
brass -i- inch in thickness. The plate is attached l(t the 
main back ])late. Cl. bv bolts and sleeves S(» adjusted that 
tlnue is a space of i§ inches between the two {)lates for 
the swinging j)ortiou. 

No. 12, I'ig. 1S6. shows the steel rest and its su}>]>ort for 
thc knife-edge. I'he steel block is soklered in the brass 
rest, the dimensions for which appear on the drawing. This 
block is cut from a piece of high-carbt)n steel, and tem{)ered 
to the highest degree after a little channel has been cut 
down its center with a triangular hie to prevent the knife 
edge from vibrating off its seat. To temper this to the 
proper harilness. at least a pound of mercuiy is necessary. 
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contained in an iron receptacle.' The iron receptacle con- 
taining the mass of mercury is packed around with ice and 
salt, and the metal thoroughly chilled. The little block of 
steel, with its groove filed truly in the center, is now heated 
up to perfect incandescence and plunged under the surtaee 
of the chilled mercury. The larger the mass ot mercurv 
the better. Do not inhale the fumes which come from the 
mercurv at the time of imincr-’ng th»' healed steel. It tlu- 
bar steel was of pia>pcr character before U inpering. and if 
these ilirections have been accurately followed, the best oi 
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files will slide over the surface of the block “ without 
touching it." When mounted in the little brass supj>ort bv 
means of a little solder around the edge, the block is pushed 
through the opening in the back plate, and the b:ir of the 
brass support securely bolted in position by means of little 
bolts of brass with running hexagon nuts, which mav be 
obtained at the hardware dealers. Two brass columns arc- 
now turned up on the lathe, to which this plate, with its 
knife edge suitport, is attached by means of a stout brass 
bar. These columns should have an extreme height of S| 
inches, and be of ornamental design to comjjly with the 
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taste of the maker. The columns are bolted at the bottom 
to a brass bed-plate \ inch thick, trued up on a small shaper 
or })lancr to measure about 3 by 10 inches scjuarc. The tops 
(if the columns also receive brass bolts, by means of which 
the bar supporting the entire clock mav l)e firmly bolted 
down. The next portion of the whole to be made and put 
together is the brass spider, C, and its knife-edge. The detail 
for this work is represented by 6, I'ig. 185. This spider is 
< lit from brass of an inch thick, the plan illustrated being 
( arefully followed, riie knife-edge is most accurately tiled 
to shape from a piece of the hardest high carbon steel pro- 
eiiraiile, and is teiiniered in tlie '-ame maimer as the support. 
In thrusting the iaeandesceut knife edge liclow the surface 
I f the chilled mercurv. tlie shar\ien( d edge should touch 
the mercurv first. The little bra'.s mounting for tlii'^knii.- 
edge is too simple to retpiire additional remark. 7 he steei 
for the knife-edge should be about ,!■ inch in thickness, and 
when mounted pcrmanentlv in a small groove in the mount 
h\- means of a little solder, the edge should just reach to the 
cent(.-r of the sipiare opening as indicated. 

Tig. ikd illustrates the little brass plate. F. adapted for 
holding the jnmdulum and the little automatic switch. The 
dimensions are marketl on the illustration, the only direction 
mxessarv being for the thickness of the plate and the 
method of hanging the pendulum. 'This jdate is heavy 
enough if filed from j’g brass, with little bars of ;^-inch brass 
soldered to the two lower limbs, into which the pendulum 
bars screw. We are now ready to assemble the pieces 
made aiul begin the work on the automatic electric switch. 

Fig. 1S4 illustrates the pendulum mount bolted to the 
sjiider, the distance between them being | of an inch. The 
pendulum mount is held at this distance from the spider by 
means of two little brass pillars turned up on the lathe, one 
of which is illustrated in the side view of the switch, 10, 
Fig. 185. The electric switch is made from brass, to which 
are attached little blocks of hard rubber as indicated by the 
heavily shaded portions in the drawings. The switch 
stands 2^ inches high from its pivot, the head falling, and 
being arrested by adjustable screws. Thc^screw at the left 



446 


i: X 1 ‘K R I M K N 'r A 1 . sc 1 1: N f i: — A 1 ’ 1 ■ 1- N 1 > I \ . 


is platinum tipped, and the little hammer head, H, has a 
platinum j)late, S, designed to come in contact with the 
platinum-tipped screw. The screw at the riglit is i)Iain, 
and merely serves as an arrest, being struck by tlie hard 
rubber of the head. D, thus playing no part in the electrical 
control. The electrical connections can now bo made per- 
fectly clear bv referring to Fig. i8i. Avhere the studs on tlie 
plate, E, arc indicated. By means of the hard-rubber bloc-k, 
F, in Fig. is; the switch is insidated from the frame of the 
clock. In Fig. 1S4 the extremities. 1 ', T. T, 1 ', are titled witli 
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little blocks of brass, as shown also at b, I'ig. 1.85, into which 
bolts screw, for the purpose of attaching the iron tongues. 
These tongues are best cut from soft bar iron 2 -^ inches 
long, by ^ inch wide, by inch thick, which lias been [ire- 
viously lient into a ring 5^^ inches in diameter to sliape 
them. They can be annealed by heating them up in a coal 
tire, and allowing them to cool in a less intense part of the 
i re, as the coals burn out. They are drilled through incli 
from one end, and after receiving a coat of black enamel 
paint, arc bolted in jiosition. The brass spools for the 
magnets next demand our attention. 
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No. 9, Fig. 185, shows these spools and how to make 
them. Four little sections of the thinnest brass tube ar-* 
carefully cut to Ijf-inch lengths, having an internal diameter 
(»f t inch. Eight brass rings arc turned u|> on the lathe to 
just tit these tube sections, with an outer diameter of if 
inch as indicated <m the drawing. These rings are neatly 
soldered to the tubes, and are drilled through with a f-inch 
drill for the rcce[)tion of little hard-rubber i)lugs, V, V, V, 
through which a minute hole is made the size of the wire t(.> 
be wound on, and which must be carefully insulated from 
the sj)ool, especially where it passes through the rim, or 
ring. Before winding these spools the inner portions are 
given tive or six coats of .shellac, allowing each coat to 
thoroughly harden before the next coat is applied. The 
winding for these bobbins consists of No. 26 single silk- 
covered wire. The most attractive color to go with the 
polished and laccpiered brass work of the clock is green. 
Eight ounces of this wire are required for the four spools, 
two ounces on each. This wire must, of course, be jier- 
fectlv wound in even layers, not only for aj^pearance, but to 
enable one to get the two ounces on a spool. With perfect 
winding this amount of wire should go on in si.xteen layers, 
and still leave about jV inch of the brass ring of the spool 
projecting. This wire should be weighed out on a good 
])air of small balances, not on a large pair of scales intended 
for rough work, as one frequently meets with in buying 
line wire. Having wound these bobbins, they are mounted 
on the back plate of the clock by means of little brass strips 
running through the spool, and bent down to meet the 
plate, when they are turned over to form little “ ears." 
through which small holes are made for attaching bv means 
of bolts. These coils are connected in series or parallel at 
will through the agency of the little studs on the plate, E. 

We are now ready to build up the all-important pen- 
dulum and adjust it for the place where the clock is t») be 
run. The maker of this clock must adjust the exact length 
of the pendulum by experiment wherever he happens to be, 
as, of course, the length will not be the same for different 
latitude.s. It is believed the views of the licmdulum given 
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in thiL* illustrations will make its construction clear. Two 
little glass tubes, 5^ inches long with a diameter of inch, 
arc closed at one end by heating in a Bunsen lamj), and are 
tilled within an inch of the top with mercury. The centi-r 
supporting bar is a section of -J- brass rod 7 inches long, 
provided with a running screw thrcail to[) and bottom of at 
least 3 inches in length for the puri)osc of adjustment. This 
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b -Spider with Kiiife-edi'C, ry—Magiietic SjkmjIs. 10— Aiituiiiatic S’vitch. 

Details of Electric Clock. 


rod screws into a little yoke, offsetting the j)en(lulum of 
an inch, in order that the center of gravity of the mercury 
bob shall fall under the supporting knife-edge. This off- 
setting will be made clear by referring to the side view of 
the finished clock in Fig. 181. The rods which now sup])ort 
this yoke, and which screw into the little legs of the ])en- 
dulum mount, F, arc 3^ inches long, being also equi])j)ed 
with adjusting screw threads. The little rods should now 




AN “ELECTRIC EARTH CLOCK." 449t 

^ * 

be so adjusted that the bottoms of the glass tubc^ contaih* 
ing the mercury fall lof inches below the edge of^ the 
supporting knife. The pendulum will now swing and ap- 
proximately beat seconds, the exact adjustment of which 
will, of course, take considerable time experimenting in 
combination with a fine watch or perfect clock. It now 
remains to turn up the clock face and mount it. This is cut 
out on the lathe from inch brass, with an external 
diameter of 5I inches, the diameter of the inner aperture 
being 3f inches. This is mounted on a brass standard 
which is bolted to the back plate. This brass standard is 
made from material measuring f by ^ inch by 8 inches long, 
and is attached to the back plate, G, by bolts through the 
three vertically drilled holes shown in the detail of this 
plate in Fig. 183. The clock face is attached to this standard 
by means of bolts soldered to the back side of the ring, and 
kept out from the standard by means of sleeves made from 
l)rass tubing which just slips over the bolts. These sleeves 
are if inch long, and consequently the face of the clock is 
if inch from the standard, allowing room for the gear 
wheels and their mounting. In the place of bolts and 
sleeves, brass columns can, of course, be employed with 
better appearance, although taking more time to make and 
requiring more labor. Having mounted the clock face at 
the top of the standard, the bar is so adjusted to the back 
plate, through the proper location of the three holes drilled 
in it for bolting on, that there is a space of one inch be- 
tween the lower edge of the clock face and upper edge of 
the ring, E. The numerals for the face may be bought 
from the dealers to suit the taste of the maker of this clock, 
also the hdhds, if one does not prefer to cut them out him- 
self from sheet brass. 

We now com0 to the top portion of the time-piece, 
which consists of the seconds wheel and the simplest kind 
of gearing. These gear wheels may be made by the reader, 
or be purchased. The l&tge seconds wheel illustrated at 
7, Fig. 186, is made by turning out a ring from ^ inch 
brass,' and sctcyring into its, tjm sixty little pins of steel rod, 
or wire. These must b# accurately ^placed, or the 
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entire clock will turn out unsatisfactory. It is absolutely 
necessary that this wheel be large, nothing smaller than the 
■one illustrated will answer, because the pins will have to be 
placed closer together. With a generously proportioned 
wheel, and above all, accurately spaced pins, the wheel will 
be advanced one pin for each swing of the pendulum 
whether its arc be large or small, within reasonable limit.s. 
The writer is very frank in stating that unevenly spaced 


Fio. I 86 



7— Seconds Wheel, S -Pendulum Mount, ii— Dial Work. 12— Knife-edge Support. 
Details of Electric Clock. 


pins will lead to failure of the clock to keep time, because 
when two pins conic round, under the action of the driving 
arm, if they are closer together than the others, the chances 
are that they will both be taken under the cam occasionally 
in one stroke, thus causing the clock 'to gain. Fig. i86 illus- 
trates the scheme of gearing employed in almost every 
clock for the proper control of the hands. These gear 
wheels may be taken from any old clock and be made to 
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answer our purpose perfectly, or they may be ordered 
from gear makers if the reader is not equipped for this 
class of work. The writer recommends the use of gear 
wheels taken from some disused clock. They are easily 
altered as regards their bearings, and made to work in a 
simple frame as indicated in Figs. 181 and 182. These may 
be mounted almost frictionless with care, and, of course, 
some little skill, thus requiring very little energy to move 
them at the very slow rate for which they are intended. 
The pressure (if the little arms against the j)ins of the second 
wheel should be exceedingly small, no springs being used, 
merely little weights as shown in the figure. The hands, 
too, must be perfectly balanced by soldering on little 
counter-weights adjusted to balance j>erfectly by exper- 
iment. 

This clock, when the solenoids are connected in series, 
will run for a year without any attention whatever on from 
four to six cells of blucstonc gravity battery, and keep verv 
accurate time. It will run for much longer periods, in all 
probability, when connected with a suitable series of plates 
buried in the earth, and connected in series. The writer 
has not 3'et conducted experiments throughout a sufficientlv 
long period of time to have studied the faithfulness of such 
an earth battery. The battery should consist of at least ten 
couples, ten plates of copper and ten of zinc, connected as 
a series battery, and buried about four feet below the sur- 
face of the ground, near a rain spout. These plates 
should be 12 to 18 inches square, and at least inch 
thick. They are packed in the ground about four inches 
apart, and connected with rubber-covered wire. 

MEASURING THE HEAT OF THE STARS. 

BY MARY PROCTOR. 

That the heat of the stars can be measured has oeen 
proved by Prof. E. F. Nichols, of Dartmouth College, who 
has invented a delicate sensitive instrument known as the 
radiometer and specially designed for this purpose. In 
1898 Prof. Nichols was invited l)y Prof. George E. Hale to 
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come to the Yerkes Observatory and experiment with the- 
radiometer, the fine equipment of the observatory being 
placed at his disposal. The invitation was accepted, and 
Prof. Nichols spent the two summers of 1898 and 1900 in 
perfecting his invention and testing its capabilities. 

The case of the instrument was made of a block of 
bronze, which was bored out to receive it, the block being 
about 2 inches square and 4 inches long. The case was- 
perfectly air-tight. The radiometer suspension of torsion 
pendulum was built up on a thread of fine-drawn glass 
32 millimeters long, to the lower end of which was attached 
a verv small plane mirror, 2.2 by 3 millimeters, made by 
silvering a fragment of very thin microscope cover glass. 

Fig. 187 



Rudiomcler Vanes. 


To the upper end of the drawn glass was attached a very 
fine quartz fiber 32 millimeters long, the upper end of 
the fiber being made fast to a bit of steel wire, which 
passed up through a small hole in the axis of the torsion 
head {a, Fig. 188). The torsion head which carried the 
upper end of the suspension was in turn carried on a small 
square block {b. Fig. 188), free to slide in a slot in the bridge 
{c, Fig. 188) permitting the suspension to be brought closer 
to or withdrawn from a fluorite window in the front of 
the case. 

On the axis, two-thirds of the way above the mirror, and 
in a plane at right angles to it, a delicate cross arm of drawn 
glass was fastened, having on its two extremities the two* 
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blackened radiometer vanes Fig. iS8). The sensitive 
vanes were circles about 2 millimeters in diameter, which to 
secure lightness and uniformity were stamped out of thin 
mica, with a circular steel punch made for the purpose. 

The vanes were uniformly coated with lamp black, and 
mounted as symmetrically as possible with reference to the 
axis of rotation (E F, Fig. 188). The distance between the 
centers of the vanes was 4.5 millimeters, and they were 
placed from 2.5 to 3 millimeters behind the fluorite window. 
A piece of good plate glass was cemented over the opening 
in the side of the radiometer case, through which the deflec- 
tions of the suspension could be read by the telescope and 
scale method. 

The rays of the star projected from a condensing mirrt»r 
(F, Fig. 189) entered the radiometer by passing through the 
fluorite window, and could be directed to fall on one of the 
blackened surfaces of the suspension vanes behind the win- 
dow. Through a wnndow in the back of the case, the star 
image in the radiometer and the blackened vanes of the sus- 
pension could be seen at the same time. 

The heat rays of the star falling on one of the vanes warm 
it slightly, and in accordance with a principle discovered by 
Prof. Crookes a surface in a partial vacuum so warmed tends 
to back away' from the source of heat. The suspension is 
thus slightly rotated, as the fine quartz fiber offers little re- 
sistance to any' force tending to twist it. It was in the terms 
of this twist of the fiber caused by the different star images 
that the heat sent us by the stars was compared. 

The experiments with the radiometer were made in the 
heliostat room of the Yerkes Observatory, which has been 
pur[)Oscly'^ designed for work of this kind. The gallery to 
the left of the double partition is provided with a movable 
roof and sides which slide back between the walls of the in- 
closed room to the right, leaving only a low parapet above 
the level of the floor. The only' openings through the 
double partition are a window large enough to admit the 
beam from the heliostat (at H, Fig. 189) and a passageway- 
closed by' double doors. 

The beam of starlight from the helkustat was thrown 
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upon a 2-foot concave mirror *^9)* 7 9 i*'chc.'' 

focal length, and the converg’injj cone was caiig^ht on a small 
45 deg. flat mirror (F, Fig. 1^9), 4 by 6 inelies, and directe*! 
thc?jce into the radiometer case (R, big. 189^ passing 
through the flourite window, the focal point lying in tiic 
plane of the vanes. 

nct. l^:^ Fit'.. iS) * *v*» 



Radiometer. Heliosint and Mirrors. 

//, }I<.liovtat : M. Mirror ront'avc) : F, Flat Mirror; T, I'clescopc ; 7i, Sccoiul Telescope 
rjbstrver ; 7', KadiuiiicU-r ; .V, Scale; i\ CcLlostat ; A*, Flane Mirror. 

The radiometer (R, Fig. 189) was mounted on a wooden 
table, standing on an overhang built out from the long slate 
pier shown in the diagram. An observer at the telescope 
(T, Fig. 189) read the deflection of the radiometer suspension 
in millimeter divisions, on a reflected scale at S (Fig. 189) 
behind and above him at a distance of about 6 feet from the 
radiometer. 
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Cords connecting the slow motion on the hcliostat were 
brought to a point within convenient reach of a second ob- 
server at the telescope (T‘, Fig. 189) which was focused on 
the sensitive vanes as seen through the rear window. The 
latter observer could keep the star image constantly in 
sight, except when it fell upon one of the vanes, in which 
case a very small quantity of stray light in the image 
showed its position. 

With an observer at each of the telescopes, T and T‘ 
(Fig. 189) the observer at T watched the motion of the radio- 
meter, and waited for a period of comparative quiet which 
would bring the image of . the scale to rest, then signaled to 
the observer at T' to throw the star image on the vane or 
off it, as the case might be, by means of t% cords runnidg 
to the slow motion of the heliostat. After a suitable time 
the radiometer deflection was read. Thus a series cf “ on 
and “ off ’’ observations were taken and averaged. The re- 
sults were quite uniform, the radiometer vane showing 
about the same deflection at each observation of the same 
star or object under examination. In this way Prof. Nichols 
experimented again and again with the bright stars Arcturus 
and Vega. The averaged results were quite uniform, the 
radiometer vane showing nearly the same average deflection 
in each series of observations. 

In the second scries of observations, made in 1900, the 
heliostat was replaced by the heavily mounted coelostat, 
used by the Yerkes Observatory at the loVa\ eeWpse ol \\\c 
sun, May 28, 1900, at Wadesboro, X. C. The ccelostat was 
driven by the clock of the 12-inch Kenwood telescope. The 
same plane mirror used in 1898 with the heliostat w'as re- 
silvered and mounted on the polar axis of the coelostat. 

The change to the cadostat made the use of an additional 
plane silvered surface necessary, to direct the beam to a 24- 
itich concave mirror. The position of the new vertical 
plane mirror depended upon the declination of the stars 
observed. In the diagram (Fig. 190) C shows the position 
of the coelostat, F the position of the vertical plane mirror 
when used in observations of Jupiter and Saturn, and F‘ its 
relative position while used in observation's of Arcturus. 
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Radiometer and 24-inch Mirror Used in Measuring the Heat of the Stars and Planets. 


THE NERNST LAMP. 
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The remaining parts of the diagram (Fig. 190) correspond 
to those in Fig. 189, with the exception of the radiometer, 
which was mounted farther back in the covered gallery 
than in the arrangement made in 1898. Fig. 191 shows the 
radiometer in this position and the 24-\nch mwxot used \u 
measuring the heat rays of the stars and planets. 

To test the sensitiveness of the instrument, some con- 
venient standard of reference was required, and Prof. Nich- 
ols used a common paraffine candle as a basis for his experi- 
ments. The radiometer having been thoroughly tested by 
means of these experiments, it was used to measure the 
heat of the stars Arcturus and I’cga and the planets Jupiter 
and Saturn with the following results : The quantity of heat 
sent from Arcturus was found to be somewhat greater than 
the heat which would be received at a given point from a 
candle six miles away, if none of the candle’s heat were ab- 
sorbed by the atmosphere. Observations on Vega showed 
that it radiated about one-half the amount of heat received 
from Arcturus. The planet Jupiter sends us about twice as 
much heat as Arcturus, while we receive from Saturn only 
heat enough to equal the unabsorbed radiation of a candle ten 
miles away. 


THE NEKN'ST L.VMF. 

In the Nernst lamp, like the incandescent lamp, the 
radiating body is a filament heated by the passage of a cur- 
rent, either alternating or direct. The filament is a com- 
position formed by mixing rare earths with a refractory 
body. Rare earths when heated to the approximate tem- 
perature of the incandescent lamp give a brilliant white 
light. The quality of the light is remarkable for its close 
approximation to daylight, giving to colored objects their 
true appearance. This property makes the lamp especially 
desirable in stores, art galleries, drawing-rooms, etc. 

The filament is a non-conductor at a low temperature, 
and thereJore some device must be employed to raise its 
temperature before current can pass through it. Accord- 
ingly, a platinum resistance called a “heater” is provided 
for bringing the filament to a conducting tlmperature. The 
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peculiar behavior of the filament or “glower, with refer- 
ence to voltage and airrCnt, necessitates a stead} ing re- 
sistance. As the current in the gU)wcr is increased, the 

Fig. iqj 


\ 



Heater Tubes and Glowers. 
Fig, 193 



Holders for the Six, Two and Three and One Glower Lamp, Showing 
an Aluminium Plug Ready to be Inserted. 


voltage at its terminals rises; at first rapidly, and then 
more and more slowly to a maximum, beyond which it 
again drops off with increasing rapidity as the current and 
resulting temperature through the glower continue to in- 
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crease. Beyond the point of maximym voltage the de- 
crease in resistance of the glower is so rapid as to make 
the current difficult of control. In fact, without the em- 
ployment of a steadying resistance the conducting filament 
would rapidly develop a short-circuit and flash out. This 
tendency is counteracted by placing a steadying resistance, 
or “ ballast,” in series with the glower. Such a steadying 
resistance placed in the lamp as actually constructed rises 
in temperature and increases in resistance by as much as 
the glower diminishes. 

The glower for a 220-volt lamp is about 25 millimeters 
long and 0.63 of a millimeter in diameter. It is made by 


Fi<;. i>j4. 



Parts of the Single-Glower Lamp. 


forcing through a die a dough made of the rare earth mixed 
with a suitable binding material, cutting tlte porcelain-like 
string thus nmde into convenient lengths, drying, roasting 
and finally attaching lead-in wires. Embedded in the ends 
of the glower are platinum wires ending in beads, so that 
any tendency on the part of the glower material to shrink 
by repeated heatings can only result in tightening the con- 
tact, and maintaining intimate union between the platinum 
bead and the glower. To the platinum beads are fused 
short lead wires of platinum, to which in tprn are fastened 
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conducting wires ending in aluminium plugs. A bundle of 
the glowers is shown in Fig. 192. When the glower is pro- 
perly made, its voltage changes but slightly during its life, 
the tendency being to rise from two to four per cent in 
eight hundred hours. 

As already mentioned, the glower is non-conducting 


Fig. 195 . 



Six-Glower Lamp— Out-Door Type. 


when cold, and means must be provided for bringing it to a 
conducting temperature. The heater as m^w constructed 
consists of a thin porcelain tube, over-wound with a tine 
platinum wire, pasted with cement, the latter serving to 
protect the platinum from the intense heat of the glowers. 
These tubes are wound for 1 to volts and are connected in 
pairs of two in series according to the service ; the one. 
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two and three-glower lamps taking one pair, and the six- 
glower two pairs. 

The lamp is entirely automatic. It retiuires a cutout to 
disconnect the heater from the circuit as sot)n as the glower 


Fig. 196. 



Gripping the Holder Without Disturbing the Glower 


shall have lighted. The cutout is a magnet-coil which 
actuates a pair of keepers, breaking the circuit. 

The lamp is suspended by an I-bolt, which being re- 
moved allows of immediate access to the fnner part of the 
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lamp. On removing the I-bolt the housing comes ofl and 
we find the steadying resistance-bottles placed in a semi- 
circle around the cutout. The connections are ^inade with 
small aluminium plugs on the ends of the inner connecting 
wires. All parts are mounted on porcelain ; the lamp con- 
tains no combustible material whatever. The lamps are 
made of from 50 to 3,000 candle power. There is oim 
glower in all lamps of 50 candle power, and the number in- 
creases up to 30 for the 2,000 candle power. 

PHOTOClKArillNU 'IHE EI.KCTKIC ARC. 

BY PROF. C. STOXK. ' • • ' 

It is conceded that the classic dem()nstrati()r^»lb the 
Royal Institution of Great Britain in jRi'o, bySir Ilumphry 
Davy, when the voltaic arc was first exhibited, presented 
the beginning of a world-famed era in artificial illumination. 
It needs but a glance at the history of artificial lighting to 
see that some of the greatest minds have been concerned in 
the final production of that most powerful of artificial 
illuminants, the electric arc. Though progress in its de- 
vclo])ment was slowly going on during the first half of the 
century, the last three decades have witnessed by far the 
most phenomenal results, such results being made possible 
only after Gramme had, in 1870, opened the way by the in- 
vention of the dynamo-electric machine. 

Attention is frequently called to the almost innumerable 
devices and improvements used upon the arc, light, along 
the lines of controlling mechanisms for varirtus purposes, 
with lamps used on both continuous and alternating-current 
systems, together with discussions on the substitution of 
the modern inclosed arc for the open arc, and allied sub- 
jects. The questifjn of the carbons, however, does not,, and 
at present need not, receive cpiite so much attention.- 

For our purpose it is necessary to consider for a 
moment a bit of the history in arc light carbon production. 
The water-quenched charcoal pencils employed by Davy 
had soon to give way to a harder form of carbon, in order 
to obtain even moderately satisfactory results with the arc. 
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Gas-retori carbon was subsequently used for some years, 
and though it was sufficiently hard, it contained impurities, 
of which silica was a very important one. The eiTect of such 
impurities ^as to produce a constant hissing, and frequent 
blowouts as well. It is evidently with this class of carbons 
that the illustrations of the arc so frequently seen in text- 
books of physics and electricity have been made. It may 
be more accurate to say that drawings made of the arc, 
when carlxms containing large quantities of impurities were 
in use, have been copied and rccopied from an early date in 
the history of the arc down to the present time. One of 
the commonest of these representations seems to have been 
handed down from an early drawing, and is shown in Fig. 
197. It exhibits a number of globules or wart-like forms of 
matter on the negative carbon, which are very large in 
comparison with the carbon j>encil itself. It does not seem 
just t{) doubt the correctness »)f this representation, for in 
all pr(»bability it was made when the carbons contained im- 
purities to such an extent as to give this peculiar a^jpear- 
ance. 

It is interesting to-day. when the manufacture of carbons 
has reached such a state of perfection that the carbons are 
homogeneous in texture and almost entirely free from im- 
purities, to consider the vast difference in their appearance 
when in operation, in comparison with the earlier forms. 
This comparison is facilitated by the science of pho- 
tography, which has reached its present development 
during practically the same jieriod as electricity. This 
makes it possible for the arc to now tell its own story, and 
we have from direct photographs the exact appearance of 
the arc in operation. No retouching of the negatives, or 
changes in them to the least extent, have influenced the 
character of the prints for Hie half-tone cuts herewith 
shown. No. 2, Fig. 198, shows a continuous-current open arc 
after operating for seventy minutes at no volts and 25 
amperes. This should be compared with Fig. 197 to show 
the superiority of the present carbons ; and also particularly 
to exhibit the characteristic bridge of incandescent carbon 
particles which is always present between the poles. The 
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upper carbon shows the crater wliencc the major part of 
the light from the continuous-current arc emanates, and the 
appearance of this positive carbon also indicates in an im- 
perfect way the doubly rapid rate of its disintegration com- 
pared with the ne^tive. No. 3 is another illustration of 
an open arc after two heirs’ operation at no volts with 2$ 
amperes. The arc i& purposely made a little shorter than 
in No. 2 and the cratex is less prominent, the photograph 
being taken with the carbons in an exactly vertical position. 
A good deal of trouble was experienced in photographing 
the arc so as to have both carbt)n pencils show distinctly, as 
well as the arc itself, because of the hot gases rising about 


Fig. 197. 



Conventional Picture of the Arc. 


the upper carbon and obscuring it. This difficulty was^ 
finally overcome by placing a second arc in such a position 
as to have its light focused by a lens vipon the carbons of 
the light to be photographed, and then giving either a pre- 
liminary or subsequent exposure of the carbons, when the 
arc was not in operationj to that given upon the burning 
arc. The exposure of the cold carbons was, of course, 
several thousand times that of the arc. No color screen 
was employed for any of the work, as it seemed better for 
many reasons to avoid using one if possible. 

No. 4 shows an alternating-current open arc after sixty 
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minutes’ continuous operation at 108 volts and 30 amperes, 
it will be noticed that the upper carbon appears to diminish 
in siije a trille faster than the lower, due to the hot gases 


Fig. 19S, 



a. Continuous current open arc after buniing .seventy mintites. 3. The same after buminjf 
two hours. 4. Alternating current arc after buming two hours. 5 and 6 . Inclos^ 
arcs. 7. From reversed negative. 


Photographing the Electric Arc Under Various Conditions. 

passing upward around that pole and assisting disinte- 
gration. 

Photographs taken respectively of alternating and con- 
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tmuoti5<urrent inclosed arcs are shown in Nos. S 
198. These pictures were, of course, made through the inner 
cylinder, which immediately incloses the arc, and so are 
less distinct than those of the open arcs. No. 5 illustrates 
the disposition of the alternating inclosed arc to wander. 
No. 6 does not indicate such a disposition, tliough it is 
doubtless present to some extent in the continuous as well 
as the alternating-current light. It seemed, however, at 
the time of photographing that the tendency i>f the alter- 
nating arc to wander was much greater than that of the 
continuous-currcjit arc. The results thus shown at Nos, 5 and 
6, Fig. 198, were (obtained on lamps which had been in opera- 
tion for a sufficient number of hours to give the carbons a 
normal, typical appearance, yet the phoU)graphs are quite 
unsatisfactory in some respects, ajul it is the intention of 
the writer to improve upon them in the near future. 

No. 7 is only of interest in so far as it shows a good re- 
versal picture produced by the altcrtiating arc when the 
exposure is proi)erly timed to obtain this effect. The work 
of' photographing the arc thus described was undertaken by 
the writer, at the University of Wisconsin, for the purpose 
of obtaining, if possible, a suitable illustration of the arc as 
it appears in modern practice. 

In conclusion, it may be noted that it does not seem 
necessary to attempt to picture the arc in modern books on 
physics and electricity by such an antiquated illustration as 
is commonly used. It is not to be objected to so much, of 
course, on the ground of ancient history considerations, as 
upon that of incompleteness and incorrectness. It seems of 
much importance that new books should exhibit, so far as 
possible, new and original illustrations. Such illustrations 
appeal to the eye of the student more readily, assist in 
elucidating points in the text, and enhance the value of 
the book. 

HIGH ELECTROMOTIVE FORCE. 

KY JOHN TROWBRIDGE, PROFESSOR OP PHYSICS, HARVARD UNIVERSITY. 

I have lately perfected a large plant for the study of the 

plertricitv through gases which I believe is 



HIGH ELECTROMOTIVE' FOwyi ^ 

more extended, and on a larger scale, than any at pirese^ in 
existence; and I have obtained some results with it, espe- 
cially in the subject of high electromotive force, which throw 
light upon many mooted points. The source of electriciiy 
which produces the electrical discharges is obtained from ; 
ten thousand storage cells. From these cells I obtain very 
appro.ximately twenty thousand volts, and by means of a 
peculiar apparatus called Plante’s rheostatic machine, I am 
enabled to obtain over one million volts— which enables me 
to experiment with powerful discharges in air, more than 
four feet in length. 


Fig. igt) 





The Cells. 


By the employinent of storage cells in the subject of the 
discharges of electricity through gases, one can form a fair 
estimate of the amount of energy that is employed to pro- 
duce the desired effects — for instance, the X rays ; while 
with the use of electrical machines or induction coils and 
transformers it is extremely difficult, if not impossible, to 
form an accurate estimate. Fig. 199 is an illustration of the 
type of cells of w'hich the battery consists. Each cell is 
composed of a test tube 5^ inches long and i of an inch in- 
ternal diameter containing two strips of lead Mrhich are 
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separated from each other by rubber bands and are im- 
mersed in dilute sulphuric acid. The surfaces of the lead 
strips are roughened by a chemical device, and the cells are 
charged in multiple circuit by means of a dynamo machine. 
When the cells are properly formed, each one gives two 
volts and has an internal resistance of one-quarter of an ohm. 
The problem of insulating these cells was a serious one ; but 
it was practically solved by mounting the cells in sets of 
threes, in holes bored in a block of wood which had been 
carefully boiled in paraffine. The mechanician of the labor- 
atory, Mr. George Thompson, devised a simple switchboard 
which enables me to throw the cells into multiple or into 
series — to use the entire ten thousand, or suitable portions 
of this number. The battery gives eight amperes of current 
with twenty thousand volts, and this amount of energy is 
amply sufficient to kill a man. By accident an operator re- 
ceived a shock from only one thousand of these cells and 
was badly shocked and burned. It is prudent therefore in 
experimenting with this battery to use rubber gloves, even 
in throwing the switches, and it is recommended to employ 
only one hand covered with a rubber glove and to keep the 
other hand in a pocket. 

I had at first intended to use this large battery in the 
study of electrical discharges through Crookes tubes, but I 
speedily found that X rays could not be excited by a differ- 
ence of potential represented by twenty thousand volts. I 
found that at least one hundred thousand volts were neces. 
sary to produce them strongly, and I therefore resolved to 
construct a Plante rheostatic machine. This machine is 
simply an apparatus, by means of which Leyden jars are 
first charged in parallel and are then discharged in series or 
by cascade. That is, all the inside coatings of the jars are 
connected to the negative terminal of the ten thousand cells, 
and all the outside coatings are connected to the positive 
terminal of the cells. When the cells are charged the inside 
of one Leyden jar is connected to the outside of the next, 
and so on. In this way a very high electromotive force can 
be obtained. I use sixty Leyden jars in the form dl plates 
ic X 18 inches coated on both sides with tinfoiL 



HIGH ELECTROMOTIVE FORCE. 


469 

Starting with twenty thousand volts, I can exalt this to one 
million two hundred thousand volts. The accompanying 
illustration (Fig. 200) shows the Plants machine. The me- 
chanician of the laboratory has introduced a notable im- 
provement in the apparatus of Plants. Instead of a revolv- 
ing commutator, such as was used by the latter, Mr. 
Thompson employed lever arms, by means of which the jars 
were first charged in parallel and then discharged in series. 
It was found that the apparatus designed by Plante could 
not be used for higher voltages than one or two thousand 
without serious error and loss. By means of this apparatus 
I can study electrical discharges at least 4 feet in length — 
of great body — which are produced by an electromotive 
force of one million two hundred thousand vo\is. T\v\s ap- 
paratus possesses the great advantage that it enables one to 
obtain a fairly exact measure of such high voltage. W’hen 
we reflect that the trolley car employs only five hundred 
volts, and in the system of transmission of power from Ni- 
agara Falls it is proposed to use only ten thousand volts, it 
is evident that the effects produced by voltages of over one 
million must be of great scientific interest. 

The study of such high electromotive forces immediately 
showed that previous estimates of the electromotive force 
necessary to produce a spark of a certain length were 
highl}’^ erroneous. For instance, Heydeweiler, a German 
investigator, believes that Prof. Elihu Thomson's state- 
ment that a spark of 5 feet in length which he produced re- 
quired a voltage of five hundred thousand, is very wide of 
the mark, and Heydeweiler maintains that one hundred 
thousand would be nearer the truth. I find that even Prof. 
Thomson’s estimate must be more than doubled. Experi- 
ments with my apparatus show conclusively that the length 
of the electric spark between points separated by more than 
one inch varies directly with the electromotive force. A 
spark forty-eight to fifty inches in length requires an elec- 
tromotive force of one million two hunared thousand volts, 
and a discharge of lightning one mile long would therefore 
require the enormous number of over tyie hundred million 
volts. In refleciing upon the development of such enormous 
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energy in the air we can understand why telephone bells 
ring durin|^ a thunderstorm ; why subsidiary sparks occur 
in networks of wires ; and why telegraphic messages are in- 
terrupted. The world beneath the thunderstorm throbs and 
pulsates with the oscillatory discharges of lightning. 

One of the most interesting results of my study of pow- 
erful disruptive discharges is the discovery that such dis- 
charges will pass through glass tubes which are exhausted 
to such a high degree that they are said to contain a vacuum ; 
for the 8-inch spark of a Ruhmkorff coit prefers to jump 
around the tube to passing through the extremely rarefied 
space in the interior of the tube. Such tubes, however, are 
brilliantly lighted by a difference of potential of a million 
volts and readil}- show the X rays, and exhibit the skeleton 
of the hand in a fluoroscope. The so-called brush discharge 
from the positive terminal of the Plante machine extends 
visibly to a distance of over a foot. If the hand is exposed 
to this brush, it produces the well-known X ray burn, such 
as various investigators have received in taking photographs 
of the skeletons of their hands, or in testing the condition of 
Crookes tubes by exposing their hands before a ll Horoscope. 
The skin of the hand becomes irritable and turns a bright 
red color, especially after exposure to cold wimls. 

The result interested me greatly ; for it proved that the 
so-called X ray burn could be produced by the brush dis- 
charge of very high electromotive force. The extent of the 
influence of this powerful brush discharge is very great. 
For instance, photographic plates in a plate holder carefully 
insulated from the ground and covered with a plate of glass 
half an inch in thickness show the inductive action of the 
brush discharge from the positive terminal, which is distant 
at least a foot. These inductive effects are manifested by 
star-shaped figures on a photographic plate. They are sur- 
rounded by dark clouds. When the burn on the back of 
one’s hand produced by such brush discharges is e.xamined 
by a microscope similar centers of disturbance (in this case 
points of inflammation) are seen. Although the Leyden jars 
of my machine are carefully insulated on supports of vul- 
canite which are mounted on dry wood, which in turn is 
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supported on rubber, I can obtain a discharge of more than 
2 feet in length when I bring a point connected to the steam 
pipes to the neighborhood of one terminal of the machine. 
The other terminal of the machine is carefully insulated. 
This experiment shows conclusively that it is of no use to 
insulate lightning rods. My experiments thus far show that 
no vacuum which I can produce can resist the discharges 
which are caused by one million volts. It now becomes an 
interesting question whether there exists mechanical or 
chemical means by which a so-called vacuum can be produced 
which will resist such discharges. 

THE ELECTRICAL PLANT OK THE JEFFERSON PHYSICAL 

L\UORATOKV. 

BY PROF. JOHX TROWBRIDGE. 

The Jefferson Physical Laboratory of Harvard Univer- 
sity has at present the most e.\tcnsive plant for the study of 
high tension electricity in the world. It consists of 20,000 
storage cells with transformers which can exalt the normal 
voltage of these cells — 44,000 volts — ^to 6,000,000. A higher 
voltage could be obtained, but I have discovered that even 
3,000,000 volts is not realized in the length of the electric 
discharge, which should be 10 feet — as long as the ap- 
paratus is inclosed in a room with walls of brick. It will 
be necessary, if the effects of high voltage are to be studied 
in regard to their full disruptive effects, to place the ap- 
paratus in an open field, and at least 30 feet above the 
surface of the ground. 

In a previous article I described the type of cell and 
the peculiarities of my transformer. I wish to describe in 
this article some new results I have obtained with the 
greatly increased size of the battery. 

The plant occupies a room in the laboratory approxi- 
mately 30 by 60 feet. The battery is contained in closets with 
doors to protect from the dust. Fig. 201 gives a general 
view of these closets with the racks of cells. 

Glass condensers serve the function of Leyden jars. 
There are twelve of these trays, carrying twenty-five glass 
plates each, there being thus three hundred plates in all. 
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The condensers are made J of an inch in thickness, an^ 
they have a coated surface of tinfoil, 16x20 inches ; the 
capacity of the entire condenser in multiple is about 1.8 


Fig. 301 



Aisle of Battery-34 X 6 ^eet ; there are eight aisles in all, 
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ihlorofarads. When the condensers are charged to 
volts and discharged in series a spark feet in the air is 
produced. As I have previously said, a longer spark can. 
not be produced as long as the apparatus is situated in a 
room and not in an open space. 

I have lately made some interesting experiments in 
regard to the question, Can lightning pass through a 
small orifice?” And 1 mention these experiments in this 
connection to illustrate the character and behavior of these 
powerful discharges. A plate of glass 5 f"ct .square and i 
of an inch thick was placed betwee n the spark terminals. 

Fig. 208 



Discharge at High Potential. 

The plate was necessarily of this size to prevent the sparks 
from passing around the edges of it. The plate had a small 
hole bored through it at its center, The orifice could be 
made much smaller by filling the* hHe with paraffine and. 
making a needle hole in the paraffine. It was found that 
when the discharge terminals were in line with the hole 
and 5 feet apart, the discharge would pass through the 
minutest orifice; but the portion which passed through 
the hole was only a fraction of the entire discharge, for 
there was an inductive action over the entire surface of the 
glass. This inductive action could be shown by hanging a 
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larg« sheet of paper in front of the glass. After the dis^ 
cl^ge it was found closely adlierihg to the giass» ifs 
pi^nce did not modify the general af^earance of idie 
spark shown by the photograph ; furthermore, when the 
hole in the plate is entirely closed by paraffine and the 
spark terminals are placed opposite each other, about 4 feet 
apart, with the glass plate midway between them, a spark 
will jump from one terminal to the surface of the glass, 

Fig. 2C3 
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Spark Explosion 

Discharge Through Paraffined Paper. 

while no spark is seen on the opposite side of the glass. On 
close inspection, howov^l*, a faint brush discharge can be 
detected on the sparkrcss terminal ; the discharge has been 
continued by an inductive action over the entire surface of 
the glass. 

When the spark terminals were not opposite, the spark 
also sought the orifice, but in general the discharge jumped 
to the nearest point of the glass and then pursued a devious 
way to the hole. I was interested to study«the electrical 
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action at these forks or sinuosities, and accordingly hung 
up a large sheet of paraffined paper on the glass and photo- 
graphed the discharge through the translucent paper. 
After the discharge the paper was found to be blown out in 
rents at points corresponding exactly to the forks or sinu- 
osities of the discharge. I have arranged a photograph of 
the spark and a photograph of the rents in the paper near 
each other, and it will be seen how closely the explosions 
correspond to the forks. Is it not possible that the peculiar 
rolling of thunder coming apparently from a single dis- 

Fig. 204 



Deflagration of the Wire. 


charge of lightning may be due to successive explosions 
along the same spark many hundred feet apart? The 
discharge of the condensers in multiple, however, has more 
scientific interest than the discharge . in series, for by its 
means great heat can be generated in a confined space, 
giving probably the highest instantaneous temperature 
which has been attained. The following experiment illus- 
trates the quantity of this discharge ; a fine iron wire about 
six inches long was stretched around the spark gap, serving 
as a shunt to the latter. It was found that the wire was 
deflagrate J, hig. 204, at the instant that a spark passed across 
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the air gap. This leads me tf» think that a small spmrit 
could occur under certain conditions inside a metallic cage, 
and in the case of very powerful lightning discharges a 
wire cage would not be a perfect protection for a powder 
magazine. 

I have used the strong current from the entire battery 
to excite discharges in hydrogen, for the spectroscopic 
study of this gas is of the highest interest, since it is ap- 
parently the chief constituent of the atmosphere of a great 
number of stars, and it is the constituent of the flames of • 
the sun. From my spectroscopic study 1 find that aqueous 
vapor becomes manifest in all glass vessels which 1 have 
examined filled with apparently pure dry nitrogen or 
hydrogen. The powerful discharges drive off the aqueous 
vapor from the glass, notwithstanding the glass has been 
subjected to a long process of heating to expel the vapor 
dur ng the exhausting of the tubes. 

The most interesting result, however, I have obtained 
with this great battery is the production of the X rays for 
the first time by a steady current An X ray tube is simply 
connected to the terminals of the battery and a water 
resistance of perhaps a million ohms is inserted in the 
circuit; the tube is then heated by an external source of 
heat. In an instant the tube lights with a most brilliant ex- 
hibition of X rays, and photographs taken by means of 
them show unmistakable evidences of the tendons and 
muscles. I believe that when the right conditions are 
reached 1 shall obtain satisfactory photographs of these 
objects. • 


LIGHTNING ABOVE AND BELOW WATER. 

BY PROV. JOHX TROWBRIDGE. 

I believe that the following experiments show that light- 
ning never strikes the surface of the sea. In studying the 
spectrum of water vapor, I have often endeavored to pass 
powerful sparks to the surface of water, in order to obtain a 
strong spectrum from the resulting volatilization. In every 
case sparks of high electromotive force resembling, as far as 
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possible, lightning di^hai^es, being with my apparatus 6 
feet in length, refuse to strike the surface of a level basin of 
water, and pass to the edges of the containing vessel. Bven 
if the terminal is brought close to the surface of the water, 
only a brush discharge manifests itself. In one exfSeriment 
I inclosed water in the ends of a vacuum tube, Fig. 205. Hav 
ing exhausted the tube to the point of the vapor tension of 
water, I endeavored to force a discliargc from the surface of 
the water A to that of B. This was found to be impossible. 

I was led to these experiments with the desire to obtain 
a spectrum of water vapor which would be free from all 



Vacuum Tube Containing Water* 


suspicion of the metallic lines of the terminals employed. 
Subsequent experiments, however, convinced me that with 
long sparks no metallic lines showed themselves at a distance 
of even 2 inches from the terminals. If the quantity of the 
discharge is made very large by the use of a powerful in- 
duction coil actuated by a Wehnelt or liquid interrupter, the 
metallic lines can be seen- further than 2 inches from the 
metallic terminals. 

It is also extremely difficult to pass powerful sparks from 
one stream of water to another. In this case we also have 
two liquid terminals free from any suspicion of contamina- 
tion of spectra. My apparatus was arranged as shown in 
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Fig. 206, A step-up transformer, giving powerful dischaiges 
with a difference of potential of one or two hundred thou- 
sand volts, was connected to two vessels of water which d^ 
livered two streams of water. It was interesting to see the 
two streams approach each other under the effect of the 
alternating plus and minus charges. When the streams 
were attracted sufficiently near each other a spark passed 
which, on account of the high resistance of the water, did 
not give sufficient light for spectrum analysis. When sail 
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Espertment With Streams of Water. 


was dissolved in the water a brilliant spectrum of sodiunr 
vapor was obtained. The experiment affords a good clasj 
illustration of the attraction of alternating currents, but die 
not serve my purpose in studying water vapor. It does nol 
seem probable that lightning discharges pass through regions 
in the air of heavy rainfall. 

Lightning discharges which seem to strike the sea really 
pass from one region of the air to another, and it is only per- 
spective which leads one to suppose that the discharges 
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Strike the water. It is remarkable that sufficient electric 
density can accumulate in the clouds to allow a discharge 
from one region to another. I have reason to believe Ironi 
my experiences with powerful discharges that we underrate 
the quantity and voltage of lightning. 

Benjamin Franklin would never have tried his famous 
experiment if he had previously tised an apparatus similar 
to mine. 

Having failed to obtain the water-vapor spectrum with 
the use of water terminals, I turned my attention to the pro- 
duction of the electric spark under water. Certainly in this 
case I should have the ligh ; of aqueous vapor in excess of 
the light of the metallic terminals. I found it was difficult 
to produce a spark under distilled water by the simple im- 
mersion of the terminals. It was necessary to seal platinum 
wires in glass tubes, and these wires should not emerge from 
the glass tubes to a greater distance than half an inch, and 
moreover should be immersed but a short distance below the 
surface of the water, if the water is contained in' a glass tube 
of not more than 2 inches in diameter. If they are immersed 
to a depth of even 2 inches the sparks I employ wdll instantly 
shatter the glass tube. The light of the electric spark under 
•water is extremely brilliant and resembles that of an inclosed 
arc lamp. There are no lines, however, in its spectrum. 
The spectrum, in other words, is continuous and like that of 
an incandescent solid. How shall we picture to ourselves 
the formation of this light ? Is it due to the combustion of 
oxygen and hydrogen which are set free from the water, or 
is it possible that the particles of water vapor sufficiently re- 
moved from a state of continuity can become incandescent? 
The spectrum of powerful electric sparks in the atmosphere 
also shows a continuous spectrum underlying the bright 
lines which are due to oxygen, hydrogen and nitrogen. It 
is probable that this continuous spectrum is due to water 
vapor. The various spectra of lightning obtained by differ- 
ent observers are due to different amounts of water vapor in 
the air. 

Here is the water-vapor spectrum combined with air 
lines (Fig. 207), the s.udy of which led me to these experi- 
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ments with electric sparks above and below the surface of 
the water. It consists of a continuous spectrum with marked 
bands and collection of fine lines, which are collected to- 
gether, especially in the blue and violet parts of the spec-' 
trum, which is represented in the accompanying photograph. 

I have said that it was necessary to be careful with the 
employment of powerful sparks beneath the water or oi! in 
glass tubes smaller than 2 inches in diameter. The glass 
is immediately shattered by an explosion which is not due 
to heated air suddenly c.'ipanding. I am inclined to at- 
tribute the explosion tt) the combination of hydrogen with 
bubbles of air or (ixygen. The dielectric is hWed wivb a. bne 
cloud of gaseous particles. When the surface of the water 
is covered with a thin film cf oil, the w’ater immediately, 
under the effect of the electric discharge, becomes opa!- 
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Spectrum of Water Vapor. 


escent and remains so for weeks. Thus we have an inter- 
esting case of troubled solutions. It seems to be an electric 
emulsion formed by the liberation of extremely minute 
particles of gas or air which become coated with oil and we 
thus have a medium filled with millions of minute soap 
bubbles. 

In Fig. 207 the broader spectrum is that of water vapor and 
air lines in the blue and violet. The narrower spectrum is 
that of tfie corresponding regions of the sun’s spectrum. 
The photograph was taken with a Rowland concave grating 
and is therefore normal. 

The explosion is analogous to that of a dust explosion, 
with minute bubbles of gas instead of minute particles of 
carbonaceous matter submitted to quick combustion. It 
may be that the report of lightning, apart, of course, from 
the rolling of the thunder, is due to the explosion of the dis- 
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sociated gas particles. When lightning exhibits a zigzag 
path, it occurs in low regions oi the atmosphere, certainly 
below a thousand feet. Its spectrum will therefore show 
the ordinary atmospheric lines with a continuous spectrum 
underlying, which is intensified where the hydrogen and 
aqueous lines occur, as seen in the accompanying photo- 
graph. The hydrogen lines are very broad, When the dis- 
charge is above a thousand feet it loses its zigzag character, 
and with the same voltage as in lower altitudes can be of 
great lengh. At still higher regnms wc have the aurora. 
Water vapor plays a controlling part in all these phases of 
lightning. 

THE CONSTRUCTION QF A VOLTMETER AND AMMETER SUIT- 
ABLE FOR A SMALL SWITCHBOARD. 

PV NEVIC MONROE HOPKINS. 

Dynamo and motor tending, unaccompanied by suitable 
means for reading the voltage value, current strength, and 
power, whether for commercial or experimental purposes, 
places the electrician in charge of a machine in an inefficient 
capacity, when not in an altogether impossible role. As an 
♦accompanying equipment for the numerous small motors 
and generators, the working drawings and designs of which 
are to be found in the columns of the various technical 
periodicals, the little indicating instruments described for 
construction in the following pages are primarily intended. 
With a sensitive voltmeter placed across the feeders of one 
of these small machines, the speed of its armature can be 
" observed ” and held constant, and with a delicate ammeter 
included in its circuit, the very pulse of the machine can be 
“ felt ” at any instant of its performance. 

It is with the wish of assisting' those who have con- 
structed electrical machinery on a small scale that the 
writer gives the following directions for making simple 
forms of indicating instruments, and gives instructions for 
their calibration and care. Instrument making requires 
considerable skill and nicety of workmanship, and the 
writer feels that he should impress upon those seeking 
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sensitive and delicate action of theit product to work with 
neatness and care, approaching the exactness of the watch- 


Fig. 208 



Voltmeter. 

maker’s art as far as possible, not only in turning and 
polishing the all-important pivots and their little conical 
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seats, but in the entire assembling of all portions and their 
final adjustment. These instruments, carefully and accu- 
rately made, will fully repay one for the time and slight 
expense incurred. The voltmeter and the ammeter are illus- 
trated in Figs. 209 and 210, respectively, with plan and edge 
views which are the reproductions t>f working diawings. 

The voltmeter, which we will first take up. embodies the 
well-known principle of the old D’Arsonval galvanometer, 
which has won for itself such universal popularity in fine 
laboratory measurements. As will be seen, the fields of this 
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Front and Side View of Small Switchboard Voltmeter, Made from 
Horseshoe Magnets. 


voltmeter are made from a pair of common horsesnoe mag- 
nets, bolted together, and cored out on the lathe to receive 
the little moving coil of wire. The reading scales as given 
in the illustrations are of arbitrary character, and not the 
result of calibration, which will be discussed later. The 
most satisfactory way to commence the making of this in- 
strument is the choosing and cutting out of the magnets. 
For the purpose will require two 6-inch magnets, measuring 
from the tips of the poles to the outside curve at the top, 
chosen well mated, that is to say of the same shape as near 
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as possible, in order that they will coincide at the poles 
when bolted together. Any slight overlapping, of course, 
is not serious, for the boring out on the lathe after the two 
magnets are firmly bolted together reduces all vital irregu- 
larity, cutting the cylindrical opening from the two thick- 
nesses of steel absolutely true. 

The magnets are now placed in a charcoal furnace one 
at a time, and arc raised to a cherry red heat, and allowed 
to cool slowly in a less intense \»ortion of the lire. This 
annealing is necessary in order to allow <>1 the cvitt’vng owv 
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Front and Side View of Small Switchboard Ammeter, Showing Side in 

Partial Section. 


and drilling for liie bolts and screws, as the magnets are 
made from excellent hard steel, and when tempered are 
worked with the greatest difliculty, if they can be worked 
at all. Having drawn the temper, and, of course, in- 
cidentally the magnetism, the coring and drilling of the 
steel is a very easy matter. It will be observed that the 
poles are separated by a very small gap. in some 6-inch 
magnets only about ^ inch. In order to make a sufficiently 
large lathe cutting for the movable coil of wire without 
boring away the best portion of the steel'at the poles, they 
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must be separated through a distance of at least f inch.. 
This reason will be made clear by a glance at ‘the figures 
illustrative of the bored-out magnet. This separating is 
easily accomplished by placing the magnets in a vise in the 
manner indicated in Fig. an. 

The poles arc placed directly against one jaw of the 
vise, and an iron rod is slipped in between them in such a 
way that it rests against the second jaw. By holding* this 
rod firmly, and keeping it in a vertical po.sition, when 
screwing up the vise, the pv)le pieces can be forced apart to 


Fu:. 211. 



Method of Separating Horseshoe h^agnet Bored 

Magnet Poles. Out and Drilled. 

almost any desired extent. Having spaced the poles just 
f inch on each magnet, they are carefully placed together 
in a small hand vise, and firmly clamped for drilling. The 
position of the holes, which arc just inch in diameter, 
with the exception of the two small ones, is shown in Fig. 
212. The upper holes are just inches from the pole tips, 
carefully measured, and the third hole is drilled- through 
the center of the curving portion as shown. At an exact 
distance oi 4 ^ inches fn)m the poles are drilled the two 
smaller holes which are to receive the screws of the scale 
plate. 
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Having. completed this drilling, temporary iron bolts 
must be put in, and their nuts turned firmly on, holding the 
magnets securely together for the boring out on the lathe. 
This boring or circular opening must be, as indicated, just 

inches in diameter, and is cut with a regular boring h)ol, 
with the work bolted on a lathe face plate. The magnets 
must be so placed on the face plate that the limit of the cir- 
cular cutting just reaches tlic poles, leaving no mass of 
metal there for the lines of magnetic force to leak between. 
We can now remove the work from the lathe, but before 
taking the magnets apart, they must be marked with a file 
in order that they may be reassembled correctly after tem- 
pering and magnetizing. They are now placed separately 
in the fire for the second time, and raised in temperature to 
a full cherry-white color, and plunged immediately, poles 
downward, into a large pail of ice-cold water. This most 
effectually replaces the temper, making the steel so hard 
that it is not possible to work it afterward, and it is for this 
reason that the holes for the bolts and scale screws must be 
very carefully and accurately located beforehand. 

In order to replace the magnetism, it is only necessary 
to draw the magnets separately over the poles of a power- 
fully excited electromagnet. The horseshoe magnet is 
allowed to strike the poles of the electromagnet with some 
little force about midway up, when it is drawn backward 
and pulled aWay. This process is repeated about a dozen 
times with each magnet, and the two are finally laid 
together, with their like pok";, of course, in contact. The 
electromagnet is best made for and operated with an 
electric lighting current, and will prove a most useful 
addition to any experimental shop. The iron cores of this 
magnet shovild be at least i inch in diameter, and be pro- 
vided with bobbins or spools sufficiently large to hold the 
proper length of wire of the right resistance to be con- 
nected direct with the electric circuit. As the most simple 
application of Ohm’s law in combination with the carrying 
capacity of a given wire and its resistance suffices for 
making electromagnets of all sizes, it is no|; deemed neces- 
sary to give the space here to detailed directions for dif- 
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ferent wires and lighting pressures, because of the un- 
doubted ability of the reader to design and make just what 
he needs in this line himself. 

Having tlie magnets drilled, bored, tempered, and mag- 
netized to such an extent that they will lift two or three 
times their weight, which is readily acc»)mplished if the 
electromagnet used was powerfidly excited, wo caii, lay 
them aside for the present, and take up the work which re- 
quires the greatest care and attention. 'This work consists 
in making and wiiuling the little movable coil, and in pro- 
viding it with its steel j)ivots. The frame of this coil must 
be light, and preferablv of insulating material, in ol der to 
eliminate the danger of gn^undsand short circuits. The ma- 
terial chosen for the purj>ose is cardboard, cut with a sharp 



Portions of Frame for Movable Method of Mounting Frame in 

Coil. Lathe for Winding. 

knife in use with a steel straight edge, from a stiff visiting 
card. Fig. 213 illustrates the simplicity of making, the two 
little frames being cut out accurately to size, as shown at A, 
where the dimensions are marked on the diagram in frac- 
tions of inch. At 13 we luivc simply a little frame bent to 
shape, for gluing between the two cut-out frames, Avhich give 
the whole stiffness and strength as soon as put hi com- 
bination. At C we have the framing complete, looking at 
it frcjm its upper edge. The gluing together must be very 
neatly done, and the. wr)rk must be absolutely true when 
finished. Several coats of orange shellac mu.st now be 
applied inside and out, and when hard, a tiny hole is drilled 
through the upper left-hand corner as shown in the figure 
at A. The frame is now arranged for winding with its fine 
wire, which is conveniently mounted for revolving in the 
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lathe as indicated in Fijf. 214. Here we have an edge yiew 
t)f the little bobbin at D. mounted between ^:he two nuts, 

E L, on the bolt, F, which is held in the chuck of the lathe. 

We now come io the choice of wire and the winding, 
wiiich must be governed by the voltage of the machine with 
whicli the voltmeter is to be associated. We have on this 
little frame a space available lor wire, \ inch wide by a 
trifle less than i inch in height, we will say of an inch, 
g>y of an inch being subtracted because of the thickness of 
the inner cardboard framing which is glued against the two 
outer pieces, and encroaching up<m their \vu\t\\ to t\us cs- 
teni. The voltage most frequently met with is no, with a 
maximum rise to about 125. Therefore, the instrument de- 
scribed is liest wound to indicate between o volts and 125. 
including, in the opinion of the writer, nearly all the small 
machines described for construction, whether for jwwer, 
lighting, or experimental work. As this voltmeter is in- 
tended for switchboard work, it must be capable of re- 
maining across the feeders of a current differing in potential 
by no volts constantly without heating up or absorbing 
any appreciable amount of .he current. 

In order that it may indicate without being wasteful, 
it must possess a very high resistance, allowing onlv about 
0.02 ampere of current to pass through its coils as the maxi- 
mum. We must, therefore, choose a very fine wire for the 
bobbin, putting as much on as possible without bulging out 
beyond the sides of the little frame, and wind in addition on 
a resistance sp(K)l sufficient Avirc to shut out all current flow 
with the exception of about 0.02 ampere. We will require 
for the purpose of winding both coil and stationary re- 
sistance spool ounces of No. 40 single silk-covered wire. 
This fine wire is constantly weighed out on coarse or large 
scales, the weight, and consequently the resistance, of th^ 
wire being only approximate. In addition, the purity of 
copper in wire varies, and in some instances the gage, so it 
is wise to connect the wire across the feeders of a i lo-volt 
circuit before removing from the spogl it was bought upon. 
Tbe wire sltould warm up very little, in fact, to a scarcely 
noticeable degree, and when placed in circuit with a delicate 
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ammeter should allow only 0.02 ampere of current to flow» 
of course, at the maximum pressure with which it is to be 
used. If the current absorbed by the spool is too great, 
more wire must be obtained and wound on ; if the current 
taken falls short of 0.02 ampere, some of the wire must be 
removed. By making this test one cannot go astray. 

The question is simply this: It requires at least this 
amount of wire to offer sufficient resistance to the high 
voltage current to shut out all but 0.02 ampere, which is 
the maximum carrying capacity of the wire itself. As much 
of this quantity as possible must be placed on the movable 
bobbin and the remainder must be wound on a spool and 
included in series. This wire is extremely fine and is to be 
handled with great care. In the first place do not, under 
any circumstances, allow the dealer to sell the wire wound 
on anything but a smooth wooden spool. Small wire is 
sometimes wound on a card or roll of paper for the pur- 
chaser, and should on no account be accepted in this con- 
dition. To attempt to handle wire of this size from any- 
thing but a spool will surely result in great delays, and the 
loss of the major portion of the material through kinking 
and tangling. 

Having mounted the little framing on a bolt, as in- 
dicated, and placed the same in the lathe chuck, we are 
ready to fill it with the insulated wire. The reader must 
expect to exercise much patience here, and give a good 
deal of time and attention to the smooth laying on of the 
layers. The winding commences from the small hole in 
the cardboard frame, and the lathe is run away from the 
operator, or clockwise when facing the chuck. This wire 
is so fine that it should not be made to pass out of the little 
hole unprotected, as it is sure to break off and necessitate 
rewinding just as the coil is finished. In order to give it 
proper protection, its end is attached to the end of .a short 
piece of No. 32 wire, which is brought out and wrapped 
around the bolt temporarily, prior to attaching to the upper 
pivot of the coil. In attaching this No. 40 wire to the No. 
32, the two are twisted together, and solder is made to flow 
by means of a jeweler’s soldering copper. Use no zinc 
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chloride or other corrosive fluid on small -wire, as It TapvdVy 
corrodes it away after completion. A little rcaitv is sale, 
and should be applied finely pulverized. The No, 32 wire 
is wrapped around the bobbin once or twice in order to 
take all strain off the finer wire. We can now proceed 
slowly, putting as many layers on evenly as possible, that is, 
in perfect layers. It will not be possible to put them all on 
in layers, but as many as possible should be put on in this 
order before the lathe is run more rapidly, and wire simply 
fed on back and forth. A tiny hole should be made on the 
outer corner of the little frame when the coil is complete, 
and the wire drawn directly out. Should it break off here, 
it is not a serious matter, but should it break below, a re- 
pair is a very difficult thing to make. 

We can now remove the wf)rk from the lathe, and pro- 
vide the coil with little brass plates for the reception of the 
steel pivots. The scheme of attaching the pivots and their 
plates is illustrated in Fig. 21 5. The little coil is represented 
complete at G, with the top and bottom plates bound in 
place with silk thread. At H we have an end view with a 
single layer of wire wound on merely to show the con- 
nections, which are very simple, one end of the coil going 
to the upper plate, where it is soldered, and the other end 
going to the bottom, where it is attached in the same man- 
ner. At I we simply have the little plate drilled out to re- 
ceive the pivot. The pivots are cut from steel rod ^ inch 
in diameter and f inch in total height. The little brass 
plates into which the pivots are to be soldered are Ar luch 
thick, leaving the point of the pivot A- iach above the sur- 
face of the plate. 

These piv'ots are drilled through with small holes as * 
indicated, and turned to fine cones in the lathe by means of 
a very sharp and fine tool. The work on these must be 
perfect, and if the first attempt does not bring true and 
smooth cones, a second set must be made. They are now 
held in the flame of a Bunsen burner, and heated to brigl^ 
redness, and plunged into a vessel of mercury, which makes 
them extremely hard. T wo little brass plates are now cut 
from brass Ar h'ch in thickness, and filed*to just cover the 
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upper and lower edges of the little frame respectively, by 
resting upon them. Holes are drilled through exactly in 
the centers with a |-inch drill, and the little pivots pressed, 
in. They must he absolutely in line before proceeding, 
which can only be expected as the result of accurate and 
skillful workmanship. Before soldering in position the 
little pivots should be polished by revolving in the lathe, 
and by applying the finest meal emery on cloth. 

The little plates with their respective pivots are firmly 
bound on the framing with silk, as illustrated at G, the 
corners of the brass being tiled smooth before winding on 
the silk to p’-event its being cut. The ends of the coil arc 
now securely soldered to the brass plates, and the whole 
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given a good coat of (u atige shellac to keep out all moisture, 
which is liable to warp the coil in time, should this pre- 
caution be omitte<l. Wc are now ready for making the 
frame of brass which holds the little movable coil. This is 
cut out by means of a hack saw from a solid plate of brass ^ 
inch thick, and has the dimensions and form as given in 
Fig, 216. This frame is neatly smoothed off with a fine flat 
file after sawing out, and is provided with a hardened steel 
screw possessing a co.nical cavity at its end for the re- 
ception of one of the little pivots of the coil. This screw 
p^isses through the frame at J, and is securely locked in 
position by a couple of nuts as shown. 

This conical cavity in the end of this screw is conven- 
iently made by drilling into the end with a small twist drill. 
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before hardening in mercury as in the case of the conical 
pivots. The angle at the apex of the sunken cone, or 
^conical cutting, should be a trifle larger than the angle at 
the apex of the cone on the pivot to prevent friction. In 
other words, the angle of the cutters on the drill must be 
more obtuse than the angle at the apex of the little pivot. 

In this manner we will have the movable coil supported 
simply by hardened points in tiny hardened seats. At the 
left of the frame, at K, we have a little hardened block of 
cast .steel, also provided with a little conical cutting for the 
reception of the other pivcM. This steel block is forced 
into a groove, cut in a {)icce of vulcanite, L, which in turn 
is forced into a cutting in the brass frame. A little shellac 
applied before forcing in place insures a permanent hold. 

The exact sue <jf the steel bl<)ck and vulcanite insulation, 
of course, does m)t matter s<j long as the distance of the 
conical seat from the back is f inch. Ti>c space denoted by 
X is variable because of the screw serving for the adjust- 
ment, The portitm, M, is an edge view oi a soft iron cylin- 
drical core held in \)\ace from a \y>\t al t\\e \yaeV.. '\\\e 
hollow c<,)il moves about this core without contact with it. 
This core is shown in p(»sition at () in the front view of the 
completed voltmeter, Fig. 209. We must now provide a 
second piece of vulcanite, Fig. 21O, which is screwed 
against the brass framing, and which carries a small bind- 
ing screw. Small brass screw bolls with liny nuts may be 
had which make these attachments very easy. The coil can 
now be placed in position in the frame, the screw being 
turned until a most gentle adjustment is established when 
the nuts arc locked. Care should be taken in locking the 
nuts, not to turn the screw further, thus damaging the 
points by undue strain. 

The frame is now to be bolted to a brass base plate 34 
inches wide, 6f inches long and inch in thickness. The 
bolts are shown at the left in Fig. 216, the exact distance 
separating them being marked on the brass plate before 
drilling holes for them. The distance from the top of the 
brass plate to the top of the coil-supporting frame must be 
just ^ inch. The careful drilling of thiftse holes and the 
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adjustment of the frame and magnets cannot be too strongly 
impressed upon the reader. It is not the easiest stage in 
the making of ^s instrument. The height adjustment of 
the magnets, regarding the brass base plate, is most con- 
veniently accomplished by using bolts and three running 
nuts, as illustrated at P P in Fig. 209. 

The pointer consists of a thin tapering strip of sheet brass 
to which is soldered at the top a slender brass wire carry- 
ing a little sliding weight as shown in the first figure at Q, 
both in the plan and edge view. It is the weight of this 
little brass cylinder which resists the turning of the coil, 
and must be adjusted to each instrument by the maker when 
calibrating. It must obviously be placed at such angle that 
the index will point at o when the weight is vertical. The 
scale is made from cardboard glued to a brass pattern which 
is screwed to the magnets as indicated. The scale is struck 
off with a pair of compasses set for a 4^-inch radius for the 
center line of the reading portion, which is the length of the 
pointer. The actual width of the scale is ^ inch, and the 
maximum angular measurement between the position of the 
pointer when at the extreme right and left is 60°, giving us a 
reading arc 4f inches in length. 

The resistance spool which is included in series with the 
wire on the movable coil is shown in position at R in both 
views of the finished instrument. Connections are made be- 
tween the pivots of the movable coil and the binding screws 
on the frame by little spiral pieces of No. 40 bare copper 
wire, as indicated at S S, which are firmly held in the holes 
of the pivots by a little wedge and the end of the pointer 
respectively. These tiny wires should have an easy bend of 
considerable radius, and should not be touched after the in- 
strument is once adjusted, for, although they are of the finest 
character, they exert a little spring forc^ on the moving of 
the pointer, and if they are not touched or bent after the 
first setting their effort on the moving coil will be constant. 
The instrument is now ready for testing and calibration and 
carr^be made to read true volts direct or indicate any arbi- 
trary potential values. For this it is only necessary to divide 
the scale into equal parts. For true volts, however, it is 
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necessary to compare the instrument with a standard volt- 
meter. 

It is assumed that the reader wishes a complete instru- 
ment for direct volt values, and that he can have the use of 
a standard instrument for the purpose of comparing the 
readings. Both the standard and the instrument we are 
making arc placed across the terminals oi a dynamo and ihe. 
machine started, its armature being driven until the ob- 
server knows that both voltmeters arc properly connected 
and observes the indicators moving <n'cr their respective 
scales. The dynamo is now speeded up until the standard 
indicates 125 volts, when the little brass weight on our in- 
strument is so adjusted that our instrument also indicates 
125 volts. The weight of the little brass cylinder can here 
be determined by actual experiment in connection with its 
own individual instrument, which is far more accurate than 
written directions can be which are based upon another in- 
strument. 

The fields of the dynamo are now gradually weakened 
by turning the resistance of rheostats in, and the scale of 
the voltmeter is marked off to agree with the readings on 
the standard as the voltage gradually falls. The voltage 
will not fall to o with this method, of course, but will drop 
below the readings at which the instrument will prove most 
useful on the switchboard. To get the lower readings the 
machine is started up from a state of rest with both volt- 
meters connected across its terminals and the rise in poten- 
tial closel}; noted on the standard and marked on the scale 
of the instrument undergoing calibration. The processes 
should be repeated a number of times, going backward and 
forward, upward and downward on the scale until the values 
are fixed beyond doubt and the readings of our instrument 
agree with the readings of the standard at every point. A 
carefully and skillfully: constructed instrument as described, 
when adjusted and calibrated in this manner, will indicate 
very slight differences in potential from o to 125 volts. 

It now remains to case the instrument to keep out dust 
and dirt, and to screw it to a heavy, firm back board, to- 
gether with the necessary switches, lamps and cut-outs, 
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leaving room to the right for its sister indicator, the am* 
meter, which we will now take up for construction. The 
ammeter which is illustrated in its completed state in Fig. 210 
is much simpler in construction and operation than the volt- 
meter, and with the first instrument complete, the work on 
the ammeter can be carried on with comparative ease. The 
foundation of the ammeter consists of a brass plate inch 
thick by 4.V inches in width and 6| inches in height. To 
this linn bed-plate is attached tlie solenoid, T, and the mova- 
ble iron tongue, U, su[>ported by jiivots in the brass frame, 
V. The solenoiilis m ulc bv windinginsulateil wire if large 
gage on a iirass spool which is attachetl to the back plate by 
means of bolts soUlered to the top and bottom of the ilanges. 
Fig. 317 will make the method of attaching clear, which gives 
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also the dimensions ot the s[>ool. d'he center portion simply 
consists of a thin brass tidie, ujion which are soldered two 
turned rings of the same material, giving us a spool with ^ 
inch flanges. 

It is to these rings or flanges th.at the little bolts are sol- 
dered, furnishing a most convenient way of holding the spool 
rigidly against the back plate indicated in dotted lines at \V. 
The soft iron tongue must now be made, which, with its 
pointer, constitutes the movable portion of the instrument. 
Fig. 3 18 illustrates the'exactfijrm of this tongue and its rela- 
tion to the inside of the spool, which is drawn in section, the 
two extreme positions of the tongue being shown at X and Y 
respectively. This tongue must be built up from several 
thicknesses of soft Russian iron, thoroughly annealed. Be- 
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fore describing the method of making, a few words renam- 
ing the exact pattern of the tongue are necessary. Thia’ 
tongue must enter the solenoid as illustrated in the figure, 
and occupy its center when at the extreme position as indi- 
cated in dotted lines at Y. 

In order to get this movement without the tongue and 
spool coming in contact, the tongue must be of peculiar 
shape, and Fig. 219 has been prepared to enable the reader to 
exactly reproduce it. Here wc have simply two centers, one 
on the horizontal line, A B, about which a circle is described 
with a inch radius, and one on the oblique line, C D, about 
which a second circle is described, but with a 2^,rinch radius. 
The angle formed at the intersection of the two lines is 14® 
and the distance apart of the two centers on the oblique line 
is f of an inch. By following these measurements with care 
one cannot go astray in cutting a pattern for the t<)ngue. A 
sufficient number of thin iron sheets must be cut accurately 
to the pattern with shears lo make a longue a\io\xl.\ ■vc\e\ 
thick when laid together. 

The different thicknesses arc held firmly packed by tin 
bolts and nuts, as shown in the edge view in Fig. 210, and i, 
the front view at Z is to be seen a little bolt head answering 
the double purpose of clamping the ends together and o 
affording means for balancing the tongue and pointer. I 
will be readil}' seen that a small mass of lead can be attache( 
here without making contact with the spool when the tt)nguc 
is drawn into it. The little bolt must be of iron in this case 
to replace the iron which has been removed from the tongue 
in drilling the hole, in order that the gradually increasing 
mass of the metal shall not be diminished slightly at this 
point. The head of the bolt must be thinned down with a 
file, and the screw end must be provided with a brass nut in 
order not to increase the mass of iron at this point. In this 
way we have drilled out a portion of the tongue and replaced 
the iron very accurately, affording means for clamping un- 
der the nut little lead washers. 

The pivots in the ammeter consist simply of a piece of the 
steel as used for the pivots of the voltmeter, cut to length 
and turned off with a little cone at each %nd. The pivot 
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shank is forced into a hole drilled for it in the tongue and 
securely soldered in place, exercising the greatest care to get 
it in perpendicular to the plane of the surface of the longue. 
This, of course, is greatly simplified if the hole in the tongue 
has been drilled in with the drill perpendicular to begin 
with. We can now devote our attenlit>n t<,t the brass frame 
which is illustrated in Fig. 220, together with dimensions. 
This is sawn from plate brass similar to that used for the 
frame of the voltmeter, being .simpler to make, as the hard- 
ened steel block, E. is soldered in a cutting in the br^^ss of 
the frame direct, as there is no need of insulating the pivot 
in the present case. We have at the right a scretv, F, locked 
in place by the .same kind of nuts. All the precautions of 
turning the cones with a smaller angle at the a[)ex than the 
angle formed at the apex of the sunken cone by the cutters 
of the twist drill, in cutting the seat in the little .steel block, 
must be exercised here again, and (apial attention must be 
given to the most careful adjustment. 



Method of Drawing Pattern 
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Before winding the spool with its wire, we must put the 
instrument together and provide it with its scale and pointer 
and the insulating blocks of hard rubber for the binding 
screws as illustrated. The scale, which is exactly like that 
of the voltmeter, is mounted upon a couple of little brass col- 
umns if inches in height, in order that the plane of the scale 
and pointer shall be the same in both instruments, which 
thfm to similar cases with the same sized scale open. 
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ings. The upper portion of the brass frame, V, in Fig. 2 10 
must be placed i inch from the top of the brass back plate, as 
in the case of the voltmeter, and the pointer of the movable 
tongue must sweep with a 4^ inch radius, measuring, of 
course, from the points of the pivot. This measurement 
immediately regulates the scale adjustment, which will be 
found to match the scale of the voltmeter nicely when the 
instruments arc pUiced in cases. 

Having placed the brass (rame carefully on the center 
line and bolted it with its tmivable tongue securely to the 
brass back plate, the spool must be mounted accurately in 
the relative position to the tongue as given in Fig. 210. This 
will put everything in working order, mechanically speak- 
ing, requiring now our attention to the electrical side of the 
question, which consists in choosing and winding on the 
spool the proper amount of wire. This is a very simple 
problem, and should be worked out experimentally after the 
wire is chosen. Let us take for e.xample the case where the 
ammeter is wished to indicate between o and 15 amperes. 
We must consult a wire table and learn the sized wire pos- 
sessing this carrying capacity. No. 10 has a capacity of 16 
amperes, and consequently is able to remain in circuit con- 
tinuously with 15 amperes flowing. The brass spool is 
wound with an even layer of this wire, experimentally, and 
the ends brought out for connection with a standard am- 
meter, which, of course, is included directly in series. The 
free ends are now run to the current suj)ply and included in 
series with that too, but through rheostats or water boxes. 

The instruments are mounted together, and the pointer 
on our ammeter is balanced to the o reading. The current 
is admitted slowly by immersing the plate into the salt water 
of the rheostat until the standard indicates 15 amperes. 
Where will the pointer on our instrument be? If we hap- 
pen to have too many turns of wire on the brass spool, the 
pointer will go off the scale ; if we have not enough turns 
wound on, the pointer will not reach the end mark. It will 
now be readily seen that it remains to take wire off or to put 
more on, according to the behavior of the pointer regarding 
the range of the scale with which it is intended to work. By 
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a little experimentation we can get just enough wire on the 
spool to hold the pointer at the scale limit or 15 amperes, for 
which we are designing the instrument, when the standard 
which is. in direct series, and consequently receiving the 
same current flow, also indicates 15 amperes. 

It will also be readily seen that the ammeter can be made 
to indicate higher values by simply winding the spool with 
heavier wire and running through the same experiment. Of 
course, if a water rheostat is not at hand, the two instru- 
ments can be simply included in series with a feeder supply- 
ing incandescent lamps and the instruments “ loaded with 
current” by turning on lamps until the standard indicates 
the maximum amperes for which we are adapting our am- 
meter. For the points intermediate on the scale it is a very 
simple matter to gradually cutout lamps and make readings 
on the scale under calibration, when the standard indicates 
even ampere values between the limits. The current should 
be increased and decreased a number of times and the point- 
ers caused to travel back and forth over the scales as in the 
case of the voltmeter. Both ammeter and voltmeter should 
now be provided with little stops for the pointers to prevent 
them from getting off the scale when they are ready for cas- 
ing. The cases, for appearance, should be exactly similar 
and be provided with little lock doors and glass over the 
scale openings. The bottom portion of the cases should 
mount additional pairs of binding posts, which are intended 
for connection with the switchboard, taking all strain from 
the little screws within the instrument. Both instruments 
will be found extremely useful for switchboard use, their 
delicacy, sensitiveness and accuracy depending, of course, 
upon the skill of the maker. 

THE WEIINELT INTERRUPTER FOR INDUCTION COILS. 

The X rays and wireless telegraphy have opened up a 
wider domain for the applications of the Masson and Ruhm- 
korff induction coil, the use of which up to present years has 
been limited to laboratory experiments and to the ignition 
f mixtures in gas motors. 
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But the fact must be admitted that, in all the apparatus 
hitherto constructed, the interrupter has been the weak 
point, it having often proved inadequate to draw from the 
coil the power and the maximum tension that the apparatus 
was capable of giving. It is well known, in fact, that the 
object of the interrupter is to convert Into an interrupted 
current the continuous one that would traverse the primary 
wire of the coil, if such an apparatus were not used. Num- 
erous mechanical systems have been devised for f)btaining 
frequent and rapid interruptions, and among these may be 
mentioned tremblers. Unfortunately, tremblers giving fre- 
quent interruptions do not produce rapid ones, and those 
that produce rapid ones do not furnish them with sufficient 
frequency. In such cases the coil is not well utilized, since 
the interruption of slight rapidity reduces the secondary 
tension, and that of slight frequency allows a relatively 
lengthy period of time to elapse between the successive 
sparks. 

Such inconveniences have made themselves particularly 
felt in radiography through an increase in the time of ex- 
posure, and in radioscopy through furnishing macled images 
upon the fluorescent screen. So manufacturers and radiog- 
raphers were putting their wits to work to devise some me- 
chanical arrangement or other to remedy such inconven- 
iences, when Dr. A. Wehnclt, a scientist of Charlottenburg, 
Germany, in inventing the electrolytic interrupter to which 
his name will henceforward remain attached, gave investi- 
gators an ideally simple and practical apparatus which is 
destined rapidly to supplant all others. 

Fig. 221 represents two very simple forms of this inter- 
rupter. Into a glass vessel ct)ntaining acidulated water of 
a density of from i.i to 1.2 degrees enter a plate of lead con- 
nected with the negative p()le of the electric source and a 
glass tube filled with mercury, to the extremity of which is 
soldered a platinum wire that projects a few millimeters from 
the bottom. The mercury is connected with the positive 
pole of the soui'ce by means of a copper wire that enters it ; 
and in the circuit thus formed is interposed the primary cir- 
cuit of an induction coil (the trembler of which has pre- 
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viously been prevented from operatinj;) and an interrupter 
for opening or closing the circuit. 

In another arrangement (represented to the right in 
Fig. 22 1 ) the plate of lead is replaced by a bath of mercury a 
few millimeters in thickness into which enters an insulated 
copper wire bared at its extremities in order to form a con- 
tact with the mercury and a terminal. Tlie tube may be 
straight or may contain one or two bends (in order that the 
platinum point may be directed u{)wardly) without the ope- 
ration of the interrupter being modified by such arrange- 
ments. The source with whicii the coil is connected may 
be a batterv, a series of accumulators or a sector with con- 
tinuous or alternating currents. The difTerence of potential 
may vary between 20 and 120 volts (our experiments have 
not gone bevond that) without the interrupter ceasing to 
work, provided that, between the self-induction of the prim- 
arv circuit of the coil, the length and diameter of the plat- 
inum wire and the electromotive force of the source, there 
l)e certain relations of which the numerical values arc as yet 
fixed only by tentatives. 

When the proportions ars well established, we observe, 
as soon as the circuit is closed, a violaceous halo around the 
platinum wire, hear a sharp strident noise \)rocceding from 
the interrupter, and witness an abundant disengagement of 
gas in the electrolytic litpiid and a true torrent of flames be- 
tween the extremities of the secondary wire. In blowing 
upon this flame, which is hot enough to ignite paper, the 
spark becomes stratified, thus showing that the phenomenon 
is not continuous, and that the flame is made up of a series 
of frecpient sparks that dart into the air heated by the pre- 
vi<His ones. 

By way of illustration, we may say that in some experi- 
ments made at the laboratory of electricity of the School of 
Physics and Indu.strial Chemistry of the city of Paris, M. 
Hospitalier employed what is called a “6 cm, spark ” Car- 
pentier coil and obtained therewith sparks of a length of 15 
and even 18 cm. with a frequency which, estimated by a re- 
volving mirror, varied between 1,400 and 1,500 a second. 
The primary circuit was supplied by a battery of 5oaccumu- 
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lators mounted in tension, and the platinum wire was 0.8 
mm. in diameter and projected 8 or 10 mm. from the glass 
tube. 

The same Wehnelt tube was used by M. Hospitalier for 
reproducing some experiments with currents of great fre- 
quency by means of Dr. d’Arsonval’s greatly simplified ar- 
rangement shown in Fig. 222. Here the condensers are 
formed of two Saint Galmier bottles nearly full of water and 
the surface of which is covered with tin foil for about a third 
of the height. 

A sim[)le copper wire wound into a spiral causes the 
water to communicate electrically with the secondary cir. 
cuit of the coil. The exj)losive distance oi the oscillating 
discharge is regulated by moving the bottles, the corks of 
which support two horizontal brass rods 3 mm. in diameter. 
The circuit of great frequency is formed of a solenoid of 
copper wire from 5 to 6 mm. in diameter resting upon sheets 
of tin foil prolonged under the bottle, the whole being placed 
upon an insulating table or upon a plate of glass. All the 
experiments of Tesla and dWrsonval may be simply and 
effectively reproduced with a coil which would prove inade- 
quate with all the tremblers known. 

We advise those of our readers who would like to repeat 
these ver}’ simple experiments to use as large a vessel as 
possible for the interrupter, in order to prevent a too rapid 
heating of the liquid, unless they have it in their power to 
cool the latter by a circulation of water. 

The object of the mercury in the Wehnelt tube is to cool 
the platinum through conductivity by increasing its surface 
of contact. The same result may be obtained by soldering 
the platinum to a coarse colqier wire insulated through its 
entire length. For feeble current and small coils the plat- 
inum rods of discarded incandescent lamps constitute a capi- 
tal positive pole for the Wehnelt interrupter. 

We shall not undertake to give an exjilanation of the 
theoretic operation of this curious apparatus, a point upon 
which opinions are very much divided. Experiment has 
proved that the interrupter will not operate any longer if 
the self-induction of the circuit be inadequate, and that the 
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frequency diminishes with the increase of self-induction and 
increases with the tension of the current. We have here, 



therefore, a very complex phenomenon in which the con- 
denser of variable capacity (formed of the gaseous envelope 
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that surrounds the positive electrode) and the self-induction 
of the circuit play the leading parts. The heating of the 
wire has no direct action, as was at first thought, since, when 
the self-induction of the circuit is too feeble, the platinum 
wire reddens and remains red, while the current has merely 
a very feeble intensity and keeps at a constant one. 

It remains for us to say merely a word as to the present 
and future applications of the Wehnelt interrupter. We 
already see that they will be numerous, aside from labora- 
tory experiments and lecture courses. Radvograyby and 
radioscopy are now using the apparatus for reducing tbe 
lime of exposure and giving a remarkable stabilitv to the 
images upon the fluorescent screen. Wireless telegraphy 
will not fail to utilize the greatest frequencies that the sys- 
tem permits of obtaining. Gas motors, and particularly 
water-gas motors, in which ignition is difficult, will, through 
the use of it, have a hot spark that will surely prevent any 
failure to ignite. 

This interrupter will permit of forming a very simple 
and practical electric soldering apparatus which city clock- 
makers and jewelers may easily use by connecting an appro- 
priate transformer with the circuits that distribute electric 
energy. Physicians will have the same resource at their 
disposal for their Crookes tubes without being obliged to 
have recourse to a transformer or to accumulators. 

Should it become possible to illuminate vacuum tubes oc- 
casionally for producing cold light, the Wehnelt interrupter 
will suggest itself for the production of the frequency neces- 
sary for this method of lighting. 

Other applications will be found, since the question is a 
new one, and no one knew the Wehnelt interrupter a short 
time ago. 

For the above particulars and the illustrations, we are in- 
debted to La Nature. 

THE GRISSON CONTINUOUS-ALTERNATING CURRENT 
TRANSFORMERS. 

BY A. FREDERICK COLLINS. 

The General Electric Company of Berlin has recently 
placed on the market a substitute for the electrolytic and 



Fig 223 


505 EXl’EKl MENTAL SCIENCE— Al’l’ENDlX. 



Gr'SSOl Continuous ating Current Transfoi 


I IIK (iklSSClN (JURKENT TRANSFORMERS. 


507 


turbine interrupters in the form of the Grisson continuous- 
alternating current transformer, shown in the engraving 
and diagram. TJiiis apparatus changes a direct continuous 
current into a pure alternating current, hence its name. Its 


Fig. 224 



J^iagram of Transformer. 

periodicity or frequency of alternation may be varied from 
900 to 6,000 per minute, and, though this is less than in the 
electrolytic and turbine forms, currents of any amperage 
may be easily employed. Different from other interrupters. 
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in the Grisson transformer there is no interruption of the 
current at the maximum value, and consequently there is 
particularly no sparking of the brush, B*. at U*U*. The 
use of heavy currents for feeding the inductor is thus made 
possible, besides reducing the size of the condenser in 
shunt with the interrupter, if not dispensing with it en- 
tirely. 

Referring to the diagram. Fig. 224! it will be observed that 
in the development of this system the inductor or primary 
coil, pip^P® (the secondary coil aiui iron core are not 
shown) has besides its principal terminal, which is common 
to all induction coils and transformers, a leading-in wire, L, 
joined to the middle convolution of the inductor at P*. 
The terminals. L and L‘. are connected directly to the 
source of energy. By means of a shunt from the leads, L 
and L*. current is supplied to the small motor, M, of which 
C is the commutator and R a variable resistance, whereby 
the speed of the rotating transformer or contact disks, 
U*U®. may be varied between comparatively wide limits. 

The main current from L‘ is divided at the brush, B®, 
on U^U*, which alternatclv make and break contact on the 
commutator segment of the contact disks; these disks, 
U*U2, are fastened on a common shaft, but are isolated one 
from the other and send forth two continuous currents 
from the leads, B‘ and B® ; the brush, B®, on the opposite 
side slides interchangeably on the lamella or thin layers of 
U^U®, or temporarily unites them, as the case may be. The 
shaft upon which the contact disks are keyed is fitted with 
a ])ulley and is driven by the motor, M, belted to it. 

The principle of the Grisson transformer will now be 
easily understood. The current is transmitted to the in- 
ductor, directly from the continuous flow for the 

length of time the brush, B®, rests on the metal segment 
and the insulating segment of the contact disks, and the cir- 
cuit, including the soui*ce of energy and the inductor, is 
thus closed, and the maximum value of the current is there- 
fore effectual ; but the instant this critical value is reached, 
the contact disks will have reversed the flow of current and 

and is cut off. As both portions of the inductor have 
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a common iron core, i. e., the same core, and are mag- 
netized in opposite sense, a counter-electromotive force is 
produced by means of isolating the current, 
first current circuit when the primary current strength is 
lessened, and as the beginning of one segment approaches 
and the other leaves the brush, B*, the value of the current 
is brought to o. 

At the moment the first circuit is interrupted, the cur- 
rent quickly reaches a critical maximum value in 
This is accomplished by the automatic closing of one or the 
other circuit, or both, at the same time by the contact disks, 
which, as the illustratic^ns show, are arranged like a con- 
tinuous-current dynamo ccmimutator, except that the metal 
segments are insulated by insulating segments of equal 
peripheral width instead (^f thin sheets of mica. 

The General Electric Company (Berlin) recommend 
this type of transformer especially for their standard station 
wireless telegraphy sets and the equipments they supply 
for armored war vessels. 

CENTRAL ENERGY TELEPHONE SYSTEM. 

BY O. SELWIN TAIT. 

The telephone system now in all our large cities is 
designated as the “ cennmon battery ” or “ central energy ” 
system, these titles having arisen from the fact that the bat- 
teries that formerly formed part of each subscriber’s instru- 
ment are now under the system located at the main, office, 
or “ Central,” in the form of storage batteries, supplied with 
current from dynamos ; and this and other changes inci- 
dental thereto have practically confined all “ troubles ” to 
the “ Central ” office, where they can be quickly remedied. 

The “ common battery system " embodies several im- 
portant improvements as well as radical changes in the ap- 
paratus employed, and the chart herewith shows the general 
principle of the system now in use by the largest com- 
panies. 

A and B represent two stations on one section 6f 
a switchboard. In station A the circuits are as follows; 
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A “ call” from “ Central ” (alternating current) flows along 
wire, 2, through bell, 3, ringing same, through the condenser 
4. to line, I, and thence back to “ Central.” The primary cur- 
rent for the transmitter comes from “ Central ” along wire, 2, 
to hook, 5, which hook when raised by removal of receiver, 
7, makes contact with wire, 6, from whence the current 


Fic. 225 



flows through primary winding, 8, of induction coil, through 
transmitter, 9, and to line wire, i, and along that to “Central.” 
The secondary talking circuit, which is of an alternating 
quality, flows from “ Central ” over line wire, 2, to hook, 5. to 
contact, 10, to receiver, 7, secondary winding, 11, of coil, 
through condenser, 4, line, i, back to “ Central.” 
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When the subscriber wishes to call “ Central ” he removes 
his receiver, 7, from the hook, 5; this closes the circuit from 
battery, 12, through signal lamp, 13, illuminating same, and 
thereby notifying the operator of the call, then to and along 
armature, 14, of double relay, 16, through contact, s, to line 
wire, 2, thence through hook, 5, contact, 6, primary winding 
8, transmitter, 9, wire, i, contact, r*, armature, 15, of double 
relay, 16, to ground, R, to other side of battery, 12. 

The light, 13, is now illuminated, and the operator seeing 
same inserts a plug, a, b, c, into the jack, d, i ,f. As can be 
seen in the drawing, the tip, a, of the i>lug tnakes contact 
with the spring, </, of the jack, the sleeve, c, makes contact 
with the test-thimble, /, and the sleeve, b, makes contact 
with spring, c. The current from battery, 17, now flows 
through test-thimble, /, and wire from same to winding of 
double relay, 16, and from thence to ground, R, and to other 
side of battery, 17. Relay, 16, now attracts its armatures, 
14 and 15, thereby opening both sides of the line at the con- 
tacts, ~ and and extinguishing lamp-signal, 13. 

Station A would now be without primary current, as 
battery, 12, is cut off by relay, 16, so to supply this need the 
batter}’, 18, connected to the centers of the two repeating 
coils, 19 and 20, sends its current to the two sides of the 
cord circuit, 21 and 22, and from thence through plug, n, /?, 
and jack, e, to subscriber’s instrument as described. 

G represents the listening-key by means of which 
the operator at “ Central ” connects her talking circuits, S, 
to the line through repeating coil, II, and K is the 
ringing-key by means of which central switches on the 
ringing current from generator, L, when calling a sub- 
scriber. M, N represent the two sides of the other end 
of the cord-circuit, 21, 22, and they terminate in a plug 
similar to a, b. c, by which connection can be made with the 
jack of the station desired by station A. 

For greater clearness the supervisory lamps and relays 
of the cord-circuit have been omitted, but in practice it is 
so arranged that when either or both of the conversing sub- 
scribers hang u[) their respective receivers a supervisor}’ lamp 
is lighted, which is a signal for “ Central ” to disconnect, and 



512- 


EXPERIMENTAL SCIENCE— APPENDIX. 


obviates the necessity of her cutting in and inquiring if they 
are “ through," In addition to this, means are provided for 
a “ busy ” signal, which notifies “ Central " when she. is on 
a line already in use. It is also found desirable in practice 
to substitute a lamp-relay for the lamp, 13, which relay sup- 
plies current from a special battery to operate said lamp, 

1 3, thereby overcoming the ill effects of uneven voltage 
obtained when ^he line is in series with the lamp. 

THE COLLINS WIRELESS TELEPHONE, 
nv .-V. KKKnEKlCK COI.UNS. 

In making some tests in 1899 I found a method by which 
the disadvantages of the very rapid oscillations set up by a 
disruptive discharge in free air, such as the spark of a Ruhm- 
korff coil produces, and without resorting to the loading of 
the oscillating circuit with artificial capacities and induct- 
ances. This was accomplished by permitting the discharge 
to take place in the earth instead of the air. To render this 
process clearer, let us employ, not only as a mere analogue, 
but as a similar proposition, the fact that electric oscillations 
emit electric waves, just as an electrically charged vibrating 
atom sends forth waves which are likewise of electromag- 
netic origin found by the polarization of the ether. Even 
alternating currents of comparatively low frequency of a few 
thousand per second will emit long electrical waves, in space, 
as Guarini has shown in his experiments in wireless trans- 
mission between Antwerp and Brussels. The length of the 
waves depends on the periodicity of the oscillations, the os- 
cillations on the inductance, capacity and resistance of the 
circuit, and these in turn on the constants of the ether. 

The constants of the ether are its elasticity and its den- 
sity. The elasticity of the ether is not known absolutely, 
but is measured by its reciprocal or dielectric constant, 
which is the ether modified by its relations with gross mat- 
ter, and is called its specific inductive capacity. Ether, 
when in close proximity with gross matter, apparently as- 
.sumes a greater density than in vacuo or free ajr, however 
paradoxical it may seem ; it is now well known that it is not 
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the conductor or wire joining an electrical circuit which 
conducts the electricity, but the tube of ether including the 
The atoms of which the earth is composed are like- 
wise permeated with the ether to a much greater extent than 
the atoms of gases forming the air. To this condition Tesla 
has given the name of bound ether. Similarly as mediums 
of greater densities transmit' sound waves to greater dis- 



Diagram of Wireless Telephone. 

tances thai> mediums of lesser densities, so the bound ether 
of the earth will propagate electric waves of proper length 
to greater distances than that of the ether-bound air. As an 
illustration, in the case of sound waves, if a bell is struck in 
free air it can be heard at a distance of a mile ; it could be 
heard at a distance of twelve miles if struck under water, for 
water has a density twelve times that of a^r; now, when a 
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rapidly alternating current of high potential is discharged 
into the earth and there allowed to restore the equilibrium, 
electric waves are emitted and propagated through the earth; 
the length of the waves is determined by the frequency of 
alternation, and the distance of propagation will depend upon 
the density of the medium. 

These waves are, of course, normally radiated in every 

Fio. 237. 
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direction, but it has been found possible to reflect them and 
so make them unidirectional within certain limits. Fig. 227 
shows photographically the wireless telephone transmitter 
the author devised for field work. Fig. 226 is a diagram* 
matic drawing of the S3'Stem. 

Referring to Fig. 226, A is a transmitter and B the re- 
ceiver. The primary coil is shown at i and is in series with 
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the battery, 2, and the key, 3. One terminal of the secondary 
winding, 4, is connected with a special form of transmitter, 
6, and this to a large capacity, 7 The opposite terminal of 
the induction coil is earthed at 8, and bridged across the ter- 
minal of the secondary is the condenser, 9. 10 is a “ variator,” 
which will be again referred to. The receiver is quite simple 
and consists essentially <*f a transformer coil, i, a telephone 
receiver, 2, and a battery, 3 ; the condenser, 4, of large and 
equal capacity to that employed in the transmitter, and 5 the 
earthed terminal. 

The action of the instruments is as follows: When the 
key, 3, closes the primary circuit the current is automatic- 
ally varied by a special device. 10, whicli takes the place of 
the ordinary interrupter; this produces alternation in the 
secondary coil, 5, giving rise ti> high potentials at the termi- 
nals, 7 and 8. This potential difference is, however, modified 
by the transmitter, 6. The surging of the alternating cur- 
rents through the circuit formed by 7 and 8 emits waves 
principally at 8, and these traveling with the speed oi all 
other electromagnetic waves reach the earth plate, 5, and, 
finding an ether path (^f greater density surrounding the cir- 
cuit, 4 and 5, traverse that circuit in preference to passing 
onward through the earth, since the former offers the least 
resistance. This sets up alternating currents in the trans- 
former coil, I, and these arc impressed on the telephone re- 
ceiver, 2. The capacity areas, 4 and 7, should be large and 
of special construction to secure the best effects. The ca- 
pacities, 4 and 7. are not elevated, and the larger the capaci- 
ties the greater the distance over which articulate speech 
may be carried without wires. 

Both the transmitter and receiver are mounted on tri- 
pods, providing the operators with testing apparatus almost 
as portable as a camera. The tests, from the incipiency 
of the idea of wireless telephonjs have been made at 
Narberth, Pa., where the conditions were all that could be 
desired. In 1899 speech was transmitted by this system a 
distance of 200 feet; in 1900 a mile was covered, when with 
the equipment shown in the engravings articulate speech 
was transmitted across the Delaware Rijirer at Philadelphia ; 
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and in 1902, with the instrumenj® placed on hills scj^riltcil, 
by a railroad, valleys, wooded lands and numerous streams, 
a distance of three miles was attained. The results have 
shown the possible commercial value of this system of wire^ 
less telephony. • 


POLYPHASE OENEK'’’'’ 

BY "ALTON 1>. AI>AMS. 

Alternating currents arc developed in the armature 
windings of all drum or ring-wound dynamos. Moreover, 
these alternating currents in the windings of any armature 
are polyphase rather than single-phase. little considera- 
tion of the nature of alternating «.lynamos will render these 
facts evident. Any alternating current, as the name 
indicates, changes its direction of flow along a conductor 
at stated intervals. The current, in either direction, starts 
from zero, rises gradually to its maximum, and then 
declines gradually to zero again. Next follows a gradual 
rise of current in the direction opposite to that in which the 
flow has just taken place, a maximum rate and then a 
decline to zero, as before. When an alternating current 
has completed the variations just described, that is, has 
started from zero, reached a maximum in one direction, 
returned to zero again, and then performed a like variation 
in the opposite direction, it is said to have passed through 
a complete cycle or period. The number of alternations 
or changes in the direction of flow for any current is evi- 
dently twice as great as its number of periods during any 
unit of time, since the current must change twice in direc- 
tion to complete a period. The way in which an alternat- 
ing current changes while passing from zero through its 
maximum and to zero again, may be illustrated by a curve. 
Such a curve will have any one of a variety of shapes 
according to the particular current it represents. One of 
the most usual sorts of alternating current .may be very 
nearly represented by a sine curve, as shown in Fig. 228. 
This is called a sine curve, because successive points on it 
correspond in their distances from the horizontal line to 
the values of the sines of angles from zero to 360 degrees, 
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in a circle whose radius eaaajs the distance of the h»gh^^' 
and loWest points on the cfve from the central, horiwntah 
line. Inspection of the figure will show that for every 
point on the quarter of the sine curve above that portion ol 
the horizontal line between the points marked o and 90, 



there is a corresponding point on tlie first 90 degrees < 
the circle, and so on for the other three-qunrte^ of t 
«ine curve. Alternating currents are usually produced L 
dynamos, but they may be readily set up in any conduct 
by the operation of suitable switching devices that conne 
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Alternating Current from Battery. 


with a chemical battery or other source of direct cun en . 
In Fig. 229 the conductor, N S. is arranged in a nor h 
and south direction, and a compass needle. A, is freely 
mounted over it. When there is a current flowing in the 
conductor from the battery, B, through switches. in and /, 
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the black point of the needle will be detlected to some point 
as^rorj, and held there while the current remains steady ► 
If the current from the battery, B, is caused to pass through 
the conductor, N S, in alternate directions, by reversing 
the connections through the switches, / and in, the black 
point of the needle will move alternately to the positions, x 
and The conductor, N S, will thus have an alternating 
current set up in it from a source of purely direct current. 

If an ordinary drum armature with a single coil winding 
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'«) Direct Current. (/>) Single-Phase. 

Oidgrammatic Direct Current and Alternators of Different Phases, 


have this winding connected to a two-part commutator, the 
armature will yield a direct but intermittent current when 
revolved in a bipolar magnet frame. 

Such an armature, with a single turn to its coil, is illus- 
trated in Fig. 230^;. The current flowing in a circuit con- 
nected to this armature may be represented by the curve in 
Fig. 231, between the points marked o and 360. This curve 
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corresponds to the flow of current that results from one 
complete revolution of the armature, and is laid out from 
the semicircle at the left in a way similar to that in which 
the curve of Fig. 228 was constructed. The two halves of 
the current curve in Fig. 231 must be constructed to corre- 
spond with points on a half-circle, instead of points on an 
entire circle, as in Fig. 228, because the commutator delivers 
current to the brushes and the connected circuit in only one 
direction, though this current flows through the armature 
windings in alternate directions. If, instead of the two-part 
commutator, an armature winding is provided with a com- 
mutator of twenty-four or more parts, the current delivered 
at the brushes will be nearly uniform in volume, as tvell as 
constant in its direction of flow. The same drum armature 


Fig. 231. 



illustrated in Fig. 230^ is again shown in Fig. 230^, except 
that in b the two-part commutator has been replaced by 
two plain copper rings, and these rings are connected to 
the single coil exactly as was the commutator. In other 
words, one of the copper rings is connected to the armature 
winding at any desired point, and the connection for the 
other copper ring joins the other end of the armature wind- 
ing. When the armature with these collecting rings, as 
they are called, is revolved in its bipolar magnet frame, the 
' current delivered to the brushes in contact with the rings, 
and to the connected circuit, will be a single-phase alternat- 
ing current, and may be represented by the sine curve in 
Fig. 228. It is now well to consider the reason that causes 
the direct current from the armature with a two-part com- 
mutator in Fig. 230fl', and also the current from the armature 
with the two collector rings in Fig. 210b, to correspond in 
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volume at any instant with some point on the sine curve in 
Fig. 228, or in Fig. 231, respectively. 

Each turn or inductor on either of the drum armatures 
is subject to a like influence during a complete revolution. 
It will, therefore, be sufficient to consider a single turn or 
inductor. For this purj)ose take the inductor that is di- 
rectly connected to the top half of the two-part commutator 
in Fig. 23o<7. This inductor is exactly midway between the 
two magnet poles, and, assuming it to be in motion, there 
is no electromotive force being developed in it at the in- 
.stant, hence it cannot act as a source of current. As the 
electromotive force developed in any imluctor depends di- 
rectly on the rate at which it is passing a magnet pole, other 
factors remaining constant, the inductor, when at the posi- 
tion snown in Fig. 2 ^ 01 , ha.s no electromotive force developed 
in it, because at tlte instant it is not passing cither magnet 
pole. If the armature in tins figure is revolving in the same 
direction as the hands of a clock, the inductor will begin 
to pass the N magnet pole as soon as it leaves the position 
midway between the poles. The rate at which the inductor 
is passing the N pole at any instant will varv as the sine of 
the angle of the arc through which it has moved from the 
position shown in Fig. 230<?, This sine will reach its maxi- 
mum value when the inductor has revolved through 90 
degrees, and is, therefore, just 0})pusite the center of the 
magnet pole. At this position of the inductor, the electro- 
motive force developed in it, and the consequent flow of 
current, corresponds to the highest point on the first’ half 
of the .sine curve in Fig. 231. As the inductor moves to 
its lo'A’cst position, the electromotive force developed in it, 
and the resulting current, gradually drop to zero through 
the values indicated by the sine curve of Fig. 231, between 
90 and 180 degrees. In the remaining 1 80 degrees, required 
to complete one revolution of the inductor, the electromotive 
forces and resulting current developed will correspond in 
amounts to the distances of points on the sine curve 
between 180 and 360 degrees, from the horizontal line in 
Fig. 231. The multiplication of inductors on the drum 
armature changes the total amount but not the nature of the 



electromotive forces developed in any one inductor, so thai 
the sine curve of Fig*23i represerits the results as to current 
variations for a drum winding of any number of turns and j 
two-part commutator. Now the only effect of the commu 
tator on the delivered electromotive forces and currents ii 
to give them a single direction in the external circuit 
hence it follows that, when the commutator is replaced 63 
the contact rings, the current will be delivered in the sami 
direction that it has in the armature at an)' instant, and the 
results may be indicated b)' the sine curve in Fig. 228. Ii 
Fig. 228 the sine curve is one-half above and one-half belov 
the horizontal line, because each inductor has developed i 
it an electromotive force in opposite directions, accordiv 
to the pole past which it is moving. Any alternating g< 
crator that delivers currents that may all be represent) 
at any moment, by a single sine curve, like that in Fi 
228, is said to be single-phase, or to supply single-pha 
current. An alternating dynamo that delivers two 
more single-phase currents, which do not attain their ma 
imum or zero points at the same instant of time, is calh 
a multiphase generator, and is said to deliver multipha: 
current. As a matter of fact, each individual currei 
from a multiphase generator can be only single-phase. 

A drum armature similar to that in Fig. may I 
wound and connected so as to deliver any desired numb« 
of alternating currents, each of which will be single phaj 
when considered alone, but will differ in phase from all ( 
the others. A generator with such an armature is mult 
phase. While multiphase generators may yield currents < 
as many different phases as arc desired, such generators i 
practice are mostly confined to two and three phase cu: 
rents. The development of two and three phase generatoi 
has been largely due to the demand for alternating currer 
motors. A single-phase current is entirely satisfactory fo 
electric lighting purposes, but has serious defects whe 
applied to the operation of electric motors. Two or thre 
alternating currents of different phase, on the other han< 
give excellent results in the production of electric motiv 
' power, and are suitable for electric lighting. 
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A two-phase generator delivers two alternating currents, 
which have their maximum values at points 90 degrees 
apart in each revolution. If a drum armature, similar to 
that in Fig. 230^, is provided with two coils of one or more 
turns each, at points 90 degrees apart, and the ends of these 
coils are brought out to four separate contact rings, these 
rings will deliver two-phase currents when the armature 
revolves in a bipolar magnet frame. Such a drum arma- 
ture, w'ith two separate coils of one turn each, is shown in 
Fig. 23or, with two pairs of contact rings. In a practical 
case, the contact rings would all have equal diameters, but 
they are here shown in different sizes for clearness. It is 
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Sine Curve of Two-Phase Current. 

clear that, as the armature in Fig. 230^ revolves in its bipolar 
magnet frame, each coil will begin to pass either pole 90 
degrees in advance or 90 degrees behind the other coil. 
From this it follows that corresponding points on the sine 
curves of electromotive force or current delivered by the 
two coils must be 90 degrees apart. The two-phase cur- 
rents delivered by the armature of Fig. 230^ are illustrated 
by the sine curves in Fig. 232, which represent two currents, 
each single-phase, but one of which is 90 degrees behind the 
other at zero, maximum and all other points. The curves 
in Fig. 232 represent the currents delivered during one 
revolution of the armature by the two coils. As may be 
s«en from the figures marked along the horizontal line. 
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which indicate degrees on the circle of revolution, one 
current is at its maximum when the other is at its zero 
value, at the beginning, the middle and the end of the revo- 
lution, that is, at o, go, 180, 270 and 360 degrees. 

A three-phase generator delivers three alternating cur- 
rents, which have their maximum values 60 degrees apart in 
each revolution of the armature. U a drum armature, like 
those shown in Fig. 230^ and c, is provided with three 
separate coils, spaced 60 degrees apart about the core, and 
each coil is connected to a separate pair of contact rings, 
the armature will deliver three-phase currents, when oper- 
ated in a bipolar magnet frame. Such an armature, with 
three coils of one turn each, and with six contact rings, is 





shown in Fig. 2 iod. The three coils in this figure, like the 
two coils on the armature in Fig. 230/^, arc entirely inde- 
pendent of each other, and there is no electrical connection 
between them. 

The three currents delivered by the armature in Fig. 
2 iod are illustrated by the three sine curves in Fig. 233, which 
shows the variations in the currents delivered during one 
complete revolution. As may be seen by inspection of the 
curves, the zero points of the three currents in each direc- 
tion are 60 degrees apart in each revolution, and the maxi- 
mum points are also 60 degrees apart t)n either side of the 
zero line. Armatures with only a single turn per coil hiA'^e 
been shown in Fig. 2 ica, b, c and d, for the sake of clear- 
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ness ; but if the coil or coils in .each case had many turns, 
and covered the entire core, the nature of the currents pro- 
duced would remain the same, though the electromotive 
forces and amounts of current might be thus increased. 

In polyphase generators for practical work, two or more 
armature coils are usually connected to each pair ot collect- 
ing rings, each coil has quite a number ot turns, all the coils 
are laid in slots in the iron armature cores, and multipolar 
magnet frames are almost always employed. Considerable 
numbers of coils are necessary to properly distribute the 
windings over the armature c )rcs, and many turns are 
required to develop the electromotive force wanted, which, 
in some cases, is as high as 10,000 volts. Slotted armature 
cores are employed to keep the magnetic resistance of the 
air gaps from cores to magnet poles within moderate figures, 
to provide secure means for holding the coils and to give 
ample room for insulation between the windings and the 
cores. 

At all ordinary speeds of armature rotation, multipolar 
magnet frames are necessary to give currents with the 
required frequencies or numbers of periods per second. As 
already pointed out, a period or cycle of an alternating 
current is its rise from zero to a maximum value in one 
direction, a return to zero and rise to a maximum in the 
opposite direction, with a final return to zero again, as illus- 
trated by the sine curve in Fig. 228. Multiphase generators 
are usually designed for either 25, 40 or 60 cycles per 
second. Current of 25 cycles is especially suitable for 
power purposes, while currents of 40 and 60 cycles are 
used for both power and lighting. Each independent arm- 
ature circuit, with its own pair of collecting rings on a 
polyphase generator, supplies current with a number of 
cycles per second that equals the product of the number 
of armature revolutions per second by the number of pairs 
of magnet poles between which the armature' revolves. 
The number of cycles or periods per second is thus entirely 
independent of the number of armature coils or of the 
number of turns per coil. Thus, the armature in Fig, 230^, 
where there is one pair of poles, must revolve 25 x 60 * 1,500 
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times per minute in the bipolar frame to yield a current of 
25 cycles per second. In like manner, the same armature 
must revolve 40x6o»- 2,400 times and 60x60== 3,600 times 
per minute to develop currents of 40 and 60 cycles per 
second, respectively. If generators must yield 25 cycles 
per second, or 25x60 =*-1,500 cycles per minute, at 750 
revolutions per minute, the number oi magnet poles must 
be four, so that the number of pairs of poles will be two 
because 750x2 •=• 1,500. 

Polyphase generators may be divided into three classes, i 
one of which the armature revolves ; in another the magm 
frame revolves and the armature is stationary; and in 
third the magnet and armature coils are all stationary, ant 
only a mass of iron, called an inductor, is revolved. Ger 
erators with revolving armatures are suitable where smai 
capacities or high speeds of revolution are wanted, an< 
where the armature voltage is moderate. When the ger 
erator must supply current at 3,000 to 10,000 volts, th' 
stationary type of armature is desirable, because it give 
better opportunity to provide and maintain the insulatioi 
of its windings. With a stationary armature no contac 
rings for its currents arc necessary, but if the magnet coil! 
revolve, contact rings must be provided for their current 

The inductor gererator is designed to do away with all 
revolving coils and sliding contacts, and to this end, both 
the armature and the magnet coils are mounted on the 
stationary part of the machine. Within this stationary part 
a circular mass of iron, called the inductor, is revolved and 
completes magnetic circuits through the several magnet 
and armature coils alternately. 

• THREE-PHASE GENERATORS AT PARIS. 

A three-phase alternator built and installed at the Paris 
Exposition by the French firm the Compagnie G6n6rale Elec- 
trique of Nancy, is shown in the engraving. This is of the 
type of alternators having revolving field magnets and sta- 
tionary armjitures. This fly-wheel field magnet has a speed 
93.5 revolutions per minute and has a frequency of current 
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in the armature of fifty periods per second. In each phase 
it generates a current of 87 amperes, at a potential of 3,000 
volts. In order to secure mechanical rigidity in the arma- 
ture, it will be noted that on each side there are six rods oi 
forged iron terminating at a collar piece, each of which can 
be adjusted by set screws. The stationary armature has the 
appearance of great lightness. The direct-current dynamo 
used to excite the fields of this alternator is seen in the fore- 
ground, and it will be noted is directly connected to the 
driving shaft of the main machine. The collector brushes 
of this machine are seen on the end of the shaft, the com- 
mutator being placed on the extreme outside, while the slip 
rings and brushes of the alternaU)r are inside the main bear- 
ing. 


INDUCTION MOTORS. 

BY ACTON n. AD.VMS. 

Induction motors differ radically from other types, 
because a part of the currents that yield mechanical work 
flow in conductors having no electrical connection with 
any external circuit. In other words, induction motors are 
so called because a part of the windings on each motor are 
closed circuits within themselves, and the currents in these 
closed windings are set up by induction from the other 
windings. 

A polyphase generator has two entirely independent sets 
of coils, namely, the magnet windings and the armature 
windings. These magnet windings arc supplied with direct 
current, usually generated by separate dynamos called 
exciters. The armature windings have electromotive forces 
and currents developed in them by their revolution past the 
magnet poles, or, as it is often stated, through the magnetic 
field, which field remains constant or fixed in its location. 
The words armature and magnet frame, or field, cannot be 
applied to induction motors in the same way as to poly- 
phase generators, or to other dynamos and motors, because 
the operations performed by the several parts do not corre- 
spond. An induction motor has two entirely independent 
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sets of winding. Ii» one set of these windings current ii| 
a polyphase generator, and, this current 
tbdirelnre, alternating. The otiier set of motor wlndi!^; 
is, as has been stated, ndt connected to any external sburce. 
of current supply, but forms a complete circuit in itself. 
The set of windings which receives current from an outside 
source is called the primary coils, and the \yindings which 
carry only induced currents are called secondary coils. 
Either the part of the motor which carries the primary, or 
that w’hich carries the secondary windings, may revolve. 
In practice it is better to revolve the secondary windings, 
and to keep the primary windings stationary, because all 
sliding contacts are thus avoided, and this is the general 
construction. It is desirable to avoid the words armature 
and magnet frame in connection with induction motors, and 
to apply the name rotor to the revolving part, and stator to 
the fixed part, to insure clearness. Considered magnetic- 
ally, the induction motor more nearly resembles the trans- 
former than the dynamo or motor of other types. In fact, 
the induction motor is a true transformer, in which a part 
of the core and the secondary coils revolve. Where the 
iron of a magnetic circuit is subject to rapid changes in the 
intensity of its magnetization, it is necessary to employ thin 
sheets to build up the required mass, in order to avoid local 
currents in the iron and resulting losses from heat. In all 
dynamos the armature cores are, therefore, laminated, but 
the magnet frames are often of solid iron, because, being 
excited by direct currents, their magnetization remains nearly 
constant. The entire magnetic circuit of an induction motor 
must be built up of thin iron sheets, because its magnetism 
is rapidly reversed by the alternating currents in the pri- 
mary windings. 

An induction motor, suitable for operation with two- 
phase currents, is illustrated in outline by Fig. 235, The 
outer, circular part of this motor is the stator, built up of 
thin iron sheets ,and wound with the primary coils. The 
inner, circular part of the motor is the rotor, and its wind- 
ing or conductors consist of round copper rods threaded 
through holes parallel with the shaft, and just below the 
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circular surface of the rotor body. These copper rods are 
insulated from the sheet-iron body of the rotor, and are all 
Connected together at each end by a ring of copper. On 
the stator are two primary coils, 90 degrees apart> and 
entirely independent of, each other, and each is connected to 
a circuit that delivers single-phase current. Current in one 
of these primary circuits and coils is 90 degrees, or one- 
quarter period, behind the current in the other circuit and 
coil; that is, the currents are such as would be supplied by 
a two-phase generator. When the motor is to be started in 


Fig. 235 


f IG. 236 




Two- Phase Induction Motor. Three-Phase Induction Motor. 


operation, connections between the supply circuits and the 
primary coils are made by switches, and the rotor at once 
exerts a powerful turning effort. This tendency to rota- 
tion is due to the combined action of the two primary cur- 
rents in the coils of the stator, and to the induced currents 
in the closed coils of the rotor. This action may be more 
easily understood by reference to a direct-current motor. 
The machine illustrated in Fig. 230^ may be used as such a 
motor, as well as for a dynamo. If direct current is sup- 
plied to the magnet windings and to the single armature 
coil of the motor in this figure no motion of the armature 
will result, when the armature coil is in the position shown, 
midway between the magnet poles; that is, the armature 
has two points in each revolution at which no turning effort 


530 EXPERIMENTAL SCIENCl^— APPENDIX, 

can be got from the current in its coils. In an)t other posi- 
tions of the coil current in the coil will give a turning effort 
if the magnets are excited. This turning effort is due to 
the fact that a conductor lying across the pole of a magnet 
is subject to a force tending to move it past the pole in one 
direction or the other, according to the direction in which 
current is flowing in the conductor. If the motor armature 
in Fig. 230^ is provided with two or more coils, connected 
to a compuitator with four or more segments, there wiil be 
one or more conduetttrs in front of each [)ole at every .stage 
of the revolution, and the armature will, therefore, be self- 
starting in any position. In this direct-current motor the 
tendency to armature rotation is maintained, because the. 
revolution constantly brings conductors, carrying currents, 
into ])ositions before the fixed magnet poles. If the arma- 
ture in the case of a direct-current motor is fixed in its 
position, and the magnet frame and commutator brushes 
are mounted so as to revolve, motion will result as before, 
when current is supplied to the magnet coils and to the 
commutator brushes. In this case revolving magnet poles 
are constantly brought over armature conductors that have 
current passing through them. An induction motor pre- 
sents much the same result as that just named, but the 
revolution of magnet poles is brought about by magnetic 
instead of mechanical motion. Returning to Fig. 235, 
assume that a single-phase current is supplied to one of the 
primary coils with terminals, a and b. A result will be the 
development of two magnet poles on the interior circum- 
ference of the fixed outer ring. These poles rvill be devel- 
oped at points on this ring midway between the notches 
where the coil, a b, passes through it; that is, at the notches 
where the coil, c d, pierces the ring. At each of these two 
points the magnetic pole will develop and increase to its 
maximum intensity in one direction, then fall to zero, 
increase to its maximum intensity in the other direction, 
and then fall to zero again, during each period of the alter- 
nating current. Obviously the changes in the two magnetic 
poles relate only to their signs, that is, whether north or 
south, and to their intensities, there being: no tendency for 
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tlie develdpment of poles at an/ points on the external ring 
aside from those d,esignat)pd. In other words, there is no 
tendency for the two poles to travel in a circle, as when the 
magnet frame of a direct-current motor was allowed to 
rotate mechanically. If, now, the current in the coil, a b, 
is discontinued and a like current is supplied to the coil, 
c dy two poles, constantly varying in strength, but fixed in 
position, will be developed on the interior surface of the 
fixed ring, but in this case these poles will be h)cated at the 
notches where the coil, a b, passes through the ring, or 90 
degrees from the poles developed by current in the coil, 
a b. The supply of one single-phase current to the coil, 
a b, and of another single-phase current to the coil, c d, at 
the same time, the two currents being 90 degrees apart in 
phase, as illustrated in Fig. 235, will cause a pair of mag- 
netic poles to rotate uniformly about the inner surface of 
the fixed ring. As pointed out above, the current in 
the coil, a b, will tend to develop a pair of poles at tbe 
notches where the coil, c d, passes through the ring, and 
as the current in the c d coil differs 90 degrees in phase 
from the current in the a b coil, the current in the a b coil 
and the magnetic poles at the notches of the c d coil will 
have their maximum values when the current in the c d coil 
is zero. As the current in the a b coil declines in amount, 
the current in the c d coil increases, and the resulting mag- 
netization of the ring is developed by their combined action. 
When the current in the a b coil has decreased only a little, 
and the current in c d coil has risen to only a small part of 
its maximum value, the pair of magnetic poles will no longer 
be at the notches of the c d coil, but will have moved a little 
way toward the notches of the a b coil. At the moment 
when the current in the a b coil is just equal in amount to 
the current in the c d coil, as indicated at either of the 
points where the two curves cross in Fig. 232, the two 
magnet poles on the interior of the fixed ring are midway 
between the notches of the a b coil and the notches of the 
c d coil, in either a horizontal or a vertical line, according to 
the direction of the current in the coils. As the current in 
the a b coil continues to decrease, and the^current in the c d 
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coil to increase, the pair of magnet poles moves o i toward 
the notches of a d coil, and reaches these notches at the 
instant when the current in the a b coil is zero, and the 
current in the c <i|coil at its maximum value. While the 
current in the a b coil has fallen from its maximum to zero, 
and the current in cd coil has risen from zero to maximum, 
that is, during one-fourth of a period, the two magnet poles^ 
on the interior surface of the fixed ring have traveled 90- 
degrees, or one-quarter way round the circle. In a pre- 
cisely similar way the magnet poles continue their rotation 
as the cycles of the currents in the two primary coils 
progress through the remaining three-quarters of the revo- 
lution, and so on, as long as the supply of current in the 
coils is maintained. While the currents in the two primary 
coils have maintained a pair of rotating poles on the inner 
surface of the fixed ring, they have also induced currents, 
in the closed secondary coils on the rotor. Reactions 
between the rotating poles and the currents in the coils of 
the rotor give the induction motor its continuous turning 
eff«jrt. This effort does not depend on the rotation of the 
rotor, as in the case of the synchronous motor, and the 
induction motor has a starting torque much greater than 
that exerted when the mt)tor is operating at full load and 
speed. Compared with a direct-current motor having a 
fixed armature and revolving magnet frame, the induction 
motor substitutes progressive magnetization for rotating 
masses of iron and induced currents in the rotor conductors 
for current from the supply line in a fixed armature. Any 
number of polyphase currents may be employed in a corre- 
sponding number of primary coils in an induction motor. 

\ In practice, currents of more than three phases are 
seldom employed, because there is no great advantage in 
a larger number. The primary coils in Fig. 235 are so 
arranged that there is only one pair of rotating poles, as 
already described. A similar result as to number of poles 
in a three-phase induction motor is reached by the arrange- 
ment of primary coils shown in Fig. 236. Each primary 
coil in both motors passes through a pair of diametrically 
opposite slots in the outside ring, and tends to develop a. 
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pair of poles midway between the slots in which it is located 
when sujjplied with current. When these three primary 
coils, in I'ig. 236, arc supplied with currents that differ 
successively by 60 degrees in phase, as illustrated by the 
curves in Fig. 233, their combined effect is to develop a 
.single pair of poles that rotate at a uniform rate about the 
interior surface of the fixed ring. 

Corresponding secondary currents are induced in the 
•conductors of the rotor by the currents in the primary 
coils, and the torque of the motor depends on reactions 
between the secondary currents and the rotating magnet 
poles. 

Bipolar primary windings have been shown in Figs. 235 
and 236, for the sake of simplicity, but windings may be 
so arranged as to develop any desired number of pairs of 
poles about the inner surface of the stator in an induction 
motor of either two, three or other number of phases. 
Induction motors are most extensively driven by currents 
from two or three-phase generators, but similar results are 
also obtained with single-phase alternating current. When 
alternating current is supplied to one of the primary colls, 
as a the induction motor in Fig. 233, induced currents 
are developed in the closed windings of the rotor, and there 
is a reaction or turning effort exerted betw^een the rotor and 
the fixed magnet poles on the interior of the fixed ring. 
These reactions cannot set the rotor in motion, because tbey 
are equal and opposite in direction. Evidently, if these 
■opposing forces are put out of balance in some way, the 
rotor will be put or maintained in motion. If the rotor in 
Fig. 235 is set in motion by a turn, of the hand, or other 
means, while only one of the primary coils on the stator is 
connected to a source of alternating current, the reactions 
•of the induced currents in the j otor winding will weaken 
the magnet pole on the stator that opposes the motion of 
the rotor, but will not weaken the magnet pole that tends 
to drag the rotor in the direction of its motion. In other 
words, the motion of the rotor destroys the equilibrium of 
the magnetic forces acting on the rotor. A result of this is 
that the rotor, when once started, consta^itly gains in the 
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rafe of fevolatiQn until its normal speed is reached. ,AP: 
this pk}int the reactions between the magnetizing current in 
the primary coil and the induced currents in the rotor 
winding produce two rotating magnet poles that travel 
around the inner surface of the fixed ring in much the same 
way as the poles developed when the two primary coils are 
supplied with two currents that differ 90 degrees in phase. 
One important objection to a single-phase motor of this 
type is its inability to start with a load, even when aided a 
little at first, because the torque of such a motor is small 
until it gains considerable speed. This objection is of 
especial importance with large motors. For small motors 
that can be started without load, this type of single.pha,se 
induction motor offers a very simple construction. 

Fn; 237 







Connections ot Single-Phase Induction Motor. 


If an induction motor is to be used with single-phase 
current, and started in the way just described, the rotor 
winding should have its ends brought to a pair of collecting 
rings, and then a variable resistance connected to these 
rings. Before the primary coil is ctmnected to the supply 
line, the resistance should be so adjusted that not more than 
twice the normal current can flow in the rotor coils. As 
the rotor rises to its normal speed this resistance should be 
gradually cut out, until the rotor coils are practically closed 
on themselves. Another method of bringing the rotor of a 
single-phase induction motor up to speed where thd com- 
bined actions of the primary and secondary currents will 
produce a rotating magnetic field of sufficient power, is- 
illustrated in Fig. 237. In this case there are two primary- 
coils on the stator, the smaller, a, called the starting, and 
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the larger, d, the working winding. At the time of starting 
the two primary windings are connected in series, and the * 
Starting winding is shunted with a non-inductive resistance. 

The combined effect of these two windings, when sup- 
plied with single-phase current, is to set up an irregular, 
rotating magnetic field. This field reacts with the induced 
currents of the rotor conductors, and brings the rotor up 
to speed. As soon as the normal motor speed is attained, 
the switch should be moved to the contact that cuts out 
the starting cf)il, and leaves the working coil in circuit. 
Several other devices have been adopted by different motor 
manufacturers, to produce an irregular rotating magnetic 
field in the stator of a single phase motor, for the purpose 
of giving it a starting torque. 

The normal speed of rotation for an induction motor of 
one, two and more phases is a little less than its synchron- 
ous speed would be. By the synchronous speed of a motor 
is meant that speed which, when multiplied by the number 
of pairs of motor. poles, will give a number corresponding 
to the periods of the generator and supply line with which 
the motor is connected. 

Take, for instance, the case of a four-pole induction 
motor of any phase, that is to be connected to a generator 
yielding current at 60 cycles or periods per second. As 
this motor has two pairs of poles, its revolutions per second 
at synchronism will be 60 ^ 2 = 30, and its revolutions per 
minute 30 x 60 = 1800. If the motor used has si.v poles 
instead of four, the synchronous speed will be 60 -i- 3 = 20 
per second, or 20 X 60 = 1200 per minute. Obviously the 
number of motor poles may be very different from that of 
the generator which furnishes the supply of energy. Thus 
a direct-connected generator might operate at 120 revolu- 
tions per minute, or two per second, so that its number of 
pairs of poles must be 60 2 = 30 to develop current at 60 

cycles per second. 

No induction motor ever runs quite up to the speed 
that would bring it into synchronism with its source of 
current, because at the synchronous speed it could not 
exert any torque. The amount by which the rotor of 
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an induction motor lags behind its synchronous speed is 
usually less than 5 per cent, of that speed, and varies with 
the construction of the motor, and also with the amount of 
load it is carrying. As the load on a motor is increased the 
speed drops, and this condition is necessary in order to 
provide for the greater required torque. The difference 
between the actual speed of rotation for the motor and the 
speed at which it would be in synchronism with the source 
of current supply is called the slip. Evidently the slip 
increases with the load. 

In the early days of polyphase generators and induction 
motors, it was common to keep coils on either generators 
or motors, that carried currents differing in phase, entirely 
distinct from each other. When single-phase current was 
transmitted, only two wires were necessary between gener- 
ator and motor. For two-phase currents four wires were 
required, and with three-phase currents six wires, when a 
distinct circuit was provided for each phase. To avoid 
this multiplication of wires and circuits, it is now the gen- 
eral practice to join all of the coils on the armature of a 
polyphase generator, as well as all of the primary coils on 
an induction motor. One advantage of this practice is that 
the number of contact rings on a two-phase generator is 
reduced from four to three, and on a three-phase generator 
from six to three. Another and still greater advantage of 
the combination of armature circuits on polyphase gener- 
ators and of primary coils on motors is the reduction of 
the number of line wires to three for either two or three 
phase transmission. The coils of a polyphase armature 
may be combined on either the star or mesh system, so 
called, or on both systems at once. In the star system one 
end of each coil makes a common junction with one end of 
each of the other coils, and the remaining ends are carried 
to separate contact rings. On the mesh system the arma- 
ture or motor coils are so joined as to have a complete 
circuit within themselves, and wires are led out from cer- 
tain points in the mesh to collecting rings. Fig. 238 illus- 
trates in outline the connections between the armature coils 
of a two-phase generator and the primary coils of a two- 
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phase !not< )r, arranged on the star plan. The two generator 
coils, a b, are joined at one end, and a separate line wire is 
connected to this junction and to each of the free ends. 
1 hese three line wires connect with the two primary coils, 

Fu;. 238 





Connections of Two-Phase Generator and Motor. 


Fio. 230 



Star Connections of Three-Phase Generator and Motor. 
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Mesh Connection, Three-Phase Generator and Motor. 


c a\ on the motor, in order of their connection to the arma- 
ture coils. In Fig. 239, the armature coils, a b r, of a 
three-phase generator are joined on the star system to the 
three primary coils, e f gy of, an inductiontnotor. The mesh 
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system of connection for a three-phase generator and motor 
is shown in Fig. 240. Here three points in the mesh of 
armature coils, rt be, 120 degrees apart, are joined to cor- 
responding points in the mesh of primary coils, e f g, on a 
three-phase induction motor. Either of the methods of 
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Connections of Complete Three-Phase Generator and Motor. 


connection shown secures the advantage of amjile starting 
torque for motors, but their use will vary according to 
other requirements of the service. 

THKKE-IMIASK MOTOR AT iJKLLEOAROE. 

The most interesting of the works driven electrically 
‘at Bellegardc, about twenty miles below Geneva, Switzer- 
land, is the cotton mill, which is 550 yards distant from 
the water power and generators, employs one three-phase 
motor of 120 to 170 horse power for driving the openers, 
carding, combing and drawing frames and fliens, and sup- 
plies 360 incandescent lamps. One 120 to 170 horse power 
three-phase motor drives the self-actors, and one 15 to 30 
horse power motor of the same class is employed for driv- 
ing the ventilating fans and the workshops. 

These motors are illustrated in the annexed engrav- 
ings, which we take from Engineering. The larger motors 
weigh 5.8 tons each and the smaller motor weighs 1.2 tons. 
These motors are started by resistance starters, and under 
normal conditions attain their full speed in the space of one 
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minute. The inducing part of the field of the motor which 
connects with the mains is outside, and stationary, while 
the armature: or induced part is made rotary, thus avoiding 
sliding contacts. The winding of bo^h parts is similar, the 
core being composed of alternating laminae of sheet iron 
and insulating paper pressed together between two outer 


Fig. 242 



Three-Phase Motor at Bellegarde. 


rings and pierced near the periphery by equidistant oval- 
shaped (or circular) holes in which the copper windings are 
placed. Portions of the inducing winding are so bent and 
arranged as to be always at the same distance from the axis 
of the motor, and in large motors (from 40 to 120 horse 
power) the straight portions arc placed in stiff paper or 
ebonite insulating tubes fitting into the oval perforations. 
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The winding of the induced rotary part consists either 
of wire or of copper bars, and is also placed in peripheral 
holes. By this construction all the magnetic resistances in 
both parts are reduced to a niinimuin, while the peculiar 
winding of the inducing part insures perfect symmetry, 
great economy of space, and easy inspection and repair. 
The wires or bars of the rotary part extend beyond the core 
on each side, the ends being bent and soldered together to 
form a drum winding short circuit on itself. The windings 
of both parts are symmetrical, but independent of each 
other as regards polarity, the peripheral holes being equi- 
distant and the surfaces of the alternating iron cores being 
smooth and uniform all around, and any number of poles 
can be formed in the inducing part without any polar pro- 
jections. By virtue of this arrangement, the motor is 
enabled not only to run non-synchronously with the gen- 
erator, but with a considerable torque without separate 
excitation, so that commutators and brushes are entirely 
dispensed with. 

To start these motors it is necessary to produce a 
diflerence of phase to destroy the equilibrium of forces, 
which, although the current be switched on, causes the in- 
duced part to remain neutral, and prevents it from rotating 
unless it is set in motion. As differences of phase are pro- 
duced by differences of self-induction, the desired object is 
brought about by adding to the ordinary winding of the 
motor a starting winding of small cross section having a 
different .self-induction, so that when the two are placed in 
circuit with a generating alternator, a difference of phase 
and hence a rotary field is set up, which overcomes the 
neutral state and causes the armature to rotate. 

The efficiency of these motors increases with the size 
and varies from 70 to 90 per cent. They are capable of de- 
veloping 50 to 100 per cent more than their normal power, 
and require no attendance beyond the renewal of oil once 
a week. 

ROTARY CONVERTERS. 

In connection with electrical transmission and distribution 
it is often necessary to convert alternating into direct, or 
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direct into alternating; current. A frequent case arises 
where the energy of falling water is electrically transmitted 
at high pressure to a distant city, and there distributed as 
direct current. Another instance occurs when an electric 
railway, too long to be fed with direct current at 500 volts 
from a single generating station, has one or more sub-stations 
along its line, where alternating current, developed at the 
main power plant, is received at high pressure and trans- 
formed to the voltage of distribution. After this energy is 
reduced in pre.ssure it must still be converted to direct cur- 
rent, in the great majority of instances. Sometimes a 
factory or mine, drawing its supply of electrical energy 
from a direct-current system, requires alternating current to 
drive induction motors in places much exposed to dirt and 
water, or that must be free from sparks. Here again the 
conversion of energy is required. In general there are 
three ways in which alternating current may be converted 
to direct, or direct current to alternating; that is by the use 
of motor dynamos, double-wound dynamos or of rotary 
converters. The motor dynamo consists simply of a motor 
and a dynamo mechanically connected. The motor may be 
adapted to receive either alternating or direct current, and 
the dynamo may be designed to deliver either sort. Obvi- 
ously this combination of two machines may be made to 
convert either alternating into direct, or direct into alternat- 
ing current, with any desired range in voltage or number of 
phases, since the windings of the two are entirely separate. 
Efficiency for the motor dynamo must be lower than that 
of either machine alone of the two that go to make it up. 
Thus if the motor and the dynamo employed each have an 
efficiency of 90 per cent,, the complete motor dynamo can 
have an efficiency of only .90X.90=8i per cent. As the 
output of the motor dynamo is a little less than half of the 
combined capacity of the two machines that compose it, its 
weight and first cost per unit of capacity is high. 

In the double-wound dynamo there is a single magnet 
frame and armature core, but the armature core is provided 
with two entirely distinct windings, insulated from each 
other. One of these windings may receive either alternat- 
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ing^ or direct current to drive the armature like that of. a 
motor, and the .other winding may deliver either direct or 
alternating current, the latter being of one, two or more 
phases. The double-wound dynamo has a smaller weight 
and cost per unit of output capacity than the motor dynamo, 
and also a somewhat higher efficiency. The double-wound 
dynamo is somewhat limited as to the range of voltage in 
its two sets of armature coils, because of difficulties of 
structure and insulation. 

In the third method of conversion of alternating to 
direct, or of direct to alternating current, a single machine 
with only one armature winding is employed. This arma- 
ture winding is connected to a commutator, and also to two 
or more contact rings according to the number of phases of 
the ‘alternating current that is to be received or delivered. 
Such a machine is a rotary converter. Alternating current 
of the appropriate number of phases may be sent into the 
single winding through the rings to drive the armature, and 
direct current be delivered at the commutator. 

On the other hand, direct current may be supplied 
through the commutator to drive the armature, and alter- 
nating current of any number of phases taken from a corre- 
sponding number of collecting rings. Furthermore, the 
rotary converter may be driven by mechanical power, and 
used as a double-current dynamo to deliver direct current 
from the commutator and alternating current of any number 
of phases from the contact rings, at one and the same time. 
The rotary converter represents some saving in material 
over the dynamo with double -wound armature, and a 
material increase of efficiency, which usually ranges from 
90 to 95 per cent, in rotary converters. The current that 
enters the armature winding of a rotary converter, by rings 
or commutator, to drive it, is not the same current that is 
delivered by the commutatijr or rings, though the latter 
comes from the same winding. Considering the rotary 
converter at first simply as a motor, the flow of the alternat- 
ing or direct current, that drives it’ through the armature 
winding must be in a direction opposite to that of the 
f'lectromotive force developed by the revolution of the 
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armature between its magnet poles. On the other hand, the 
current delivered by the commutator or rings has the same 
direction as the electromotive force developed in the coils 
by the revolution of the armature, as must be the case in 
any dynamo. As the driving and delivered currents of a 
rotary converter flow in opposite directions in the same 
armature winding, the current moving in any part of the 
winding at any instant is the difference of these two currents 
there. It follows that the current actually flowing in the 
armature winding of a rotary converter, when the rotary is 
driven by received current, is less than either the current 
entering the armature on the one hand, or the current leav- 
ing it on the other. Consequently the loss of energy due to 
armature resistance is smaller when a rotary converter is 
driven by electric current than when it is driven by 
mechanical power, the output of current being equal in the 
two cases. In the dynamo with a double-wound armature, 
and likewise in the rotary converter, there is little or no 
necessity to shift the position of the brushes on the commu- 
tator as the load increases, when the machines are driven 
with electric power. On the double-wound armature, where 
the two sets of armature coils are entirely insulated from 
each other, the ampere turns of the current in each set of 
coils about the core are nearly equal to the like ampere 
turns in the other set, when the machine is driven by the 
current in one set of coils. In this case the winding that 
receives current tends to magnetize the armature core in 
just the opposite direction to that in which the coils that 
deliver current tend to magnetize it. A result of the 
opposing action of these two sets of armature coils is to do 
away with any reaction of the armature currents on the 
magnetizing effect of the magnet coils, and thus avoid the 
necessity for a change in the brush position with increasing 
load. In the single armature winding of a rotary con- 
verter, the current being much smaller than the one enter- 
ing or the one leaving it, the armature reaction is compara- 
tively slight, and the brushes may remain in a fixed position 
when the machine is electrically driven. When either the 
double-wound dynamo or the rotary converter isdriv'en by 
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mechanical power, current in the armature windings reacts 
on the magnetizing effect of the magnet coils, and produces 
a necessity for brush displacement with rising load, just as 
in any ordinary dynarr.o. 

Fi<;. 243 



(a) Commutator Knd of Armature. (<5) Opix‘>site Knd Showing Contact Kings. 
Rotary Converter. 


An ordinary direct-current dynamo may be changed 
into a rotary converter of one, two or more phases by the 
addition of two or more contact rings, properly connected 
to points in the armature winding. 

Fig. 243^ shows a bipolar dynamo with an ordinary ring 
armature, whose Avinding is connected to a commutator for 
the delivery of direct current. The armature winding con- 
sists of eight complete turns or convolutions, connected to 
a commutator of eight segments. 

In Fig. 243/^ is shown the other end of this same armature, 
with two contact rings connected to the winding at two 
diametrically opposite points. This machine is a true rotary 
converter of single phase, and may be used to convert 
alternating into direct or direct into alternating current, 
as well as to deliver either or both of these sorts of 
current when mechanically driven. With two collect- 
ing rings the armature can be used to receive or deliver 
alternating current of only single phase, but if two more 
rings are added and connected to the winding at two points 
90 degrees from the connections of the other rings, two- 
phase currents can be handled. Still other pairs of col- 


k<)TAk\’ coNVKK'iF.Rs, 545 

lecting rings may be connected in like manner to points 
symmetrically located about the winding, so that alternating 
current of any desired number of phases may be received or 
delivered. This rotary converter in Fig. 243, having only 
one pair of poles, can receive or deliver only alternat- 
ing current that equals in frequency the rate of revolution 
of its armature. Thus, for current of 25 cycles per second 
the speed of this rotary, whether used to generate or con- 
vert, must be 25x60=1,500 revolutions per minute. For 
current of 60 cycles per second, such as is more commonly 
employed for the general distribution of light and power, 
the speed of a bipolar rotary converter must be 60 x 60 
=3,600 revolutions per minute. It is usually necessary for 
rotary converters to operate at speeds much below those 
just named, and consequently they must have rather large 
numbers of poles, like ordinary alternating generators. In 
rotary converters, however, the use of a large number c>f 
poles is attended with a difficulty that is not present in the 
ordinary alternator. This difficulty is due to the fact that 
the armature core of a rotary must have a considerable 
number of slot^, and its commutator at l^ast an equal num- 
ber of segments per magnet pole, to insure good results at 
the brushes. Take for •illustration a rotary converter that 
must generate or receive alternating current of 60 cycles 
j>er second and operate at 300 revolutions per minute. The 
cycles for this machine are 3 600 per minute, and the num- 
ber of })airs of poles must be 3,600-^300= 12, or 24 poles. 
If there are to be 30 slots per pole, an ordinary and desir- 
able number, the armature core must have 30x24 = 720 
slots, and the commutator should have at least an equal 
number of segments. In an ordinary alternator a small part 
•of this number of armature slots would be sufficient, and 
the problem of insulation would be much more simple. 

The speed of revolution for any rotary converter depends 
on different factors, according to whether it is driven by 
direct or alternating current. . If direct current is employed 
to drive the rotary, its speed, like that of any direct-current 
motor, depends directly on the strength of the magnetic 
field in which the armature revolves, being higher when the 
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field is weak and lower when the field is stn^nj^. 1 he mini 
ber of periods per second of the alternatiujj current deliv- 
ered by the collecting rings of the rotary will thus change 
with every variation of the field strength, while direct 
current is the motive power. Meantime the voltage ratio 
between the current received at the commutator and that 
given out at the collecting rings remains constant, whatever 
changes are made in the field strength. 

If the r.itary is driven by alternating current received at 
the collecting rings, the number of revolutions per minute 
is independent of the strength of the magnetic tiehl, but 
depends on the rate of c\cles of tlie driving current, as the 
rotarv w’il ojicrate in svnehronism with t!ie gt'uerator that 
furnishes the alternating supply. In otlier words, the pio- 
duct of the number of pairs of poles and of the number of 
revolutions [)er minute tor the lot.irv will ((jiial in everv 
case the })roduct of the like numbers lor the altern.itiir fh.it 
sufijilies the driving currents. Where alternating current 
is the motive pi over, as in the reverse ease, the voltage ratio 
tor the currents at the eommutator and collet tiiig rings is 
independent of the strengtli of the magnet ie lield. 

rotary converter of >iiigle phase, like a single-iihase 
alternator of the ordinary t\|.e. (aniiot be started with 
single-phase current, though direct current supplied at the 
commutator will start it, lik<.‘ aiiv direet-eurrent motor. 
After the single-phase converter is once started and brought 
to a speed that puts it into synchronism with the source of 
current, it will continue to operate if connected to the alter- 
nating supjdy. Rotary converters of two, three or more 
phases start with a large torvjue and come rapidly up to 
synchronous speed when supplied with alternating current 
of like numbers of phases at their collecting rings. In large 
systems of electrical distribution it is a growing practice to 
use rotary converters both to receive alternating energy 
from a distance and to generate direct current from mechan- 
ical power, when the converters are not in use for the 
former purpose. In such cases the rotary delivers direct 
current in any event, but the driving power varies between 
the electrical and the mechanical source. 
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AnotlKf use of rotary converters, or of double-current 
fjencrators, as they are often called in such cases, is to 
supply both alternating’ and direct current when mechan- 
ically driven. 

Such a use of these machines is of increasing importance 
in steam-driven stations, where direct current is sent out for 
near-by service, and alternating current to more distant 
consumers. 

hor these j)urpo.ses the double-current generators are 
designed to deliver energy at the Cf)mmutator of the volt- 
age recpiired in the direct-current distribution. In order to 
securer the pressures desirable for transmission to the more 
distant ])arts of the system, alternating current from such 
generators is passed through transformers at the station 
that yield current of suitable voltage. 

Rotary converters or doubU'-current generators do not 
yield currents of eepial voltage at tlieir commutators and 
collecting rings. On the contrarv, the voltage at the com- 
mutator i> always greater than tlie virtual voltage at the 
coliecling riiig^s. If the rotary converter shown in Fig. - 45^7 
and i> be driven bv mechanical power at such a speed that 
tlirect current of tot.) volts is delivered at the commutator, 
the single-phase current given off at the collecting rings 
Will be at 70.7 virtual volts, if the machine is so constructed 
that tlu’ curve of alternating pressure lollows the true sine 
law The greatest pressure at any point on such a sine 
curvi' would (.'orrespond tt) tlu? jn'essurc of 100 \a)lts at the 
commutator, and the virtual \(dts during a complete cycle 
can be shown matlunnatically to be 70.7 per cent, of the 
nuiximum for a single-j)hase current that follows the sine 
law. For a rotarv of two phases the virtual voltage in each 
phase is also 70.7 per cent, of that at the commutator. In a 
three-phase rotarv converter the virtual voltage at the col- 
lecting rings is 61.2 per cent. i>f that at the commutator. If 
the waft output at either the collecting rings or the com- 
mutator is cipial to the wmtts absorbed at the other end of 
the rotary armature, the virtual amperes at the collecting 
rings are igi.g per cent, of tlie amperes at the commutatoi 
of a single-phase rotary converter. 
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15V hkriskut t. wapi;. 

Soon after the lavinij of tlie first Atlantic cable, nearly 
fifty years ago, Sir William Thomson projihesied that it 
would not be possible to exceetl a certain rate of speed in 
the transmission of signals, on account of the so-called capa- 
city of the cable. This prophecy has held good, for, not- 
withstanding multiplex and mechanical systems of telegra- 
phy on land, the submarine cables are operated at an average 
speed of but twentv-five words a minute. The use of a sub- 
marine cal)le in telephonv over a greater distance than 
twentv-seven miles in length (Dover-Calais) is not supposed 
to be practicable, and eonseciuentlv telephonic communiea- 
tion is not available where a large botlv ol water must be- 
en )sv;ed. In telephone circuits when- aerial wires are- em- 
j)loved, there are also limitations, aiul \et long-distance 
telephonv on such a scale as is desired, from N'ew 'S'ork to 
Xew Orleans, or San I- raneisc'o, for example, h.ts not bee-n 
attained, ami is admitted bv telephone enginei-rs to be next 
to impossible. 

After a series of exj>eriments performed at the laboratorv 
for {-leetro-meehanies at Columbi.i Idiiversitx, Prof. M. 1. 
Pu])in has ascertained that with cables and air line eomhu- 
tors constructed aec'ording to a method thus far emplovt-d 
in the constrtietiou of long-distance electrical conductors, 
which involves a somewhat radical but nevertheless a verv 
simple departure from the methods, the elficiency of trans- 
missirm of electrical energv is greatly increased, and tliat a 
number fjf the difficultic.-s just enumerated mav be i c-adilv 
overcome. The method may be stated broadly to consist in 
emphn’ing what Prof. Pupin calls non-uniform c<»nductors in 
place of f)rdinary uniform conductors. In the course of his 
experiments he has made use of such conductors for long- 
distance telephony, and the researches in his laboratorv 
have been marked with great success. 

Electrical energy when sent over a conductor of such 
length as is used in long-distance telegraphy or telephony is 
transmitted in the form of electrical waves. The transmis- 
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sioii till cnerL^y undfr such ctuiditiuns, can hanlly be 
called dill ct, for it is first stored up in the nie<lium sur- 
rouudiiiif the transinittin>( line, and from here it is then 
transferred to the receiving apparatus. If a pericjdic cur- 
rent is iin[)ressed on the circuit by the transmitting genera- 
tor, we have periodic variations of current and potential 
tlong the transmission wire. 

In the study of electrical waves it is finind that the am- 
plitude of the wave diminishes as the energy is propagated 
[rotn the source. In short, a weakening of the current is 
:aused which is stvled attenuation, and for the constant of 
Utenuation there is a mathematical expression in which the 
nductance, resistance and capacity of the conductor, and 
.he freciuency speed figure. The loss (.)f energy is due to the 
mperfect conductivity of the wire, and it is regulated by the 
nductance and capacity in the circuit. The most important 
eature of this regulation is the following : If a conductor 
las a high inductance, a given cpiantity of energy will be 
ransmitted with less loss <^han over a conductor with a 
iinaller amount of inductance. This fact was known to Oli- 
,’er Heaviside, the mathematical physicist of England, and 
A’hile his theory demonstrated the superiority of a wave 
:onductor of high inductance, it did not indicate a way in 
A'hich such a conductor ct)uld be constructed. The mere 
ntroduction into the circuit of a coil or coils has been tried 
A’ithout success, as there was no underlying mathematical 
theorv to goveru the exi>erinients. 

I^rof. Pupin, however, has developed such a theory, 
tvhich serves to explain the problem, and its main features 
tre well shown in a mechanical illustration in which the 
>aine elements are present as arc found in the question of 
;he transmission of electrical waves. To one prong of a 
lining fork rigidly fixed at C is fastened a cord whose other 
.‘ud is attached to some firm object as 1), shown in the illus- 
iration at i. Fig. 244. Let the fork be set into vibration and 
i wave motion results, which, if the resistances due to fric- 
;ion are negligible, will take the form of stationary waves, 
IS shiuvn at 2, But, assuming that the frictional resistances 
ire not suflficiently small to be neglected, then the direct and 
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retlected waves will not be equal, and instead ot stationary 
waves there will be waves where the amplitude of the par- 
ticles at the greatest distance from the tuning fork will be 
less than that nearer the source of motion, as shown at 3, 
the energy being dissipated by the frictional resistances in 
its progress along the cord. This weakening or attenuation, 
however, will be diminished if a string of greater density is 
emploved, since a larger mass recpiires a smaller velocity in 
order to store up a given amount of kinetic energy, and a 
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smaller vehjcity occasions a smaller frictional loss. Now let 
a weight, such as a ball of wa.\, be attached to the vibrating 
cord at its middle p(unt so as to increase its mass. This 
weight will serve to occasion reflections, and there will be 
far less energy transmitted to the extremity of the string 
than before. Then, if the mass of wax be subdivided, and 
put at regular intervals, as shown in diagram, 4, I''ig. 244, 
the efficiency will be increased. The further we proceed in 
this subdivision the higher will be the efficiency of transmis- 
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sion, but a j)oint will be soon reached beyond which it is not 
possible to secure an appreciable iinpntveinent by further 
subdivision. 

This j>oint is where the cord thus loaded vibrates very 
nearlv like a uniform cord of llie same mass, tension and 

Fig. 245 
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frictional resistance, as we may sec by reference to 5. There- 
fore, to secure an increase in the efficiency of transmission 
over a cord thus loaded, we must properly subdivide the 
load and the distances, or otherwise the effects of itfltc- 
tion will destroy the benefits derived from the increased 
mass. In the experiments with the cord it was found im- 
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possible to load the cord in such a way as to make it ecjuiv- 
alcnt to a xmiform cord for all wave lenj^ths ; but if the load 
was distributed so that it satisfied a ijiven wave lenj^th, it 
also answered f(>r all lonij'c'r wave leni’'ths. The mathemati- 
cal tluiirv and law lor the vibration of a cord under sucli 
conditions is exactlv the same as that j^overnins^ the disti i- 
hution of the electric current over a wave condiu'lor under 
the influence of similai i »’ • kinetic or mass reaction, ti'ii- 
sional reaction and resistanci' reatlion in the case of the 
cord beine; paralleled by clcctro-kiiuaic reaction, capai'ity 
reaction ami ohmic resistance n'ac'tion in the case' of the 
wave cemductor. Therefore, it will be undi-i '>ti' xl that it 
ineluctance coils are introduced aloiio- the wave condiu'tor at 
pc'riodical intervals, the elticii'iiev of the' transmission of 
electrical enert^'v is increaseel. I’rol. I’upin's conclusion is 
that a non-uniform CDuducfor is as lu-arh’ e(pii\alenl to its 

correspondine;lv uniform e ouductor as sin *^Ms to where 

is the aiiit^ular distance' between the inductance points ol 
inductance sources ami the ani^ular distance to 2jr corre- 
sponels with the wave leui^th. Here the value fp is inverselv 
proportional to the wave le'n'rth, so that for :i ^’iven dis- 
tance between the re'actance points the detfree of e([uiv:i- 
lence diminishes as the wave* lenei^lh eliminishes. If the wave 
conducted be of complex nature, such as is met with in tele*- 
])honv where the overtones of the voice are j)rese'nt, then, if 
the approximation suffices for the hii^hest essential fre*- 
quency. the conditions will be even more favorable for the 
lower notes. 

From theory to experiment was the next .stej) in this 
investiji^ation, and the study of these electrical waves 
was undertaken while they were passing over wave con- 
duct<jrs. The experimental proof consisted in demonstrat- 
ing that non-unif(wm conductors of the description just 
given will show the satTic wave-length and the same attenu- 
ation for a certain frequency and for all lower frequencies 
as a uniform conductor of the same inductance, resistance 
and capacity. The wave-length is of cour.se conditioned by 
the frequency, and in the C(jnstructi<in of the apparatus the 
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periods used in long distance telephony were selected. The 
conductor selected was the counterpart of a cable 250 miles 
in length, having the equivalent resistance and capacity. To 



construct such a cable was a task of much labor, and 
cables were made and experimented with before the tinal 
form was reached, which api)roaches vei} neaiK t le ^*’*'*^ ^ 
tions existing in a submarine cable, ihis was formed of 
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thin strips of tinfoil laid on sheets of parathned paper and 
carefidly connected, theii' lenijth beiinj- suthcieiit to afford 
considerable resistance, while the capacity was re<^ulatc‘d by 
the thickness of the insulating material. Phe strips were 
then connected in sections, c'ach beini^' ec^uivalent to one 
mile t)f cable with a resistance of 9 ohms and a capacity of 
.074 microfarad, and were arranijed in £jrou{)s of fifty, one 
such s^ntup being coictained in the heayy case shown in the 
center of the illustration, I'ig. 246. I laying a cable wlu'ie 
there is resistance and capacity, it is j)ossible t(.) demonstrate 
experimentally the yigorous attenuation of the current and 
to study the propagation of the electrical wayes. Phis at- 
tenuation, as has been said, is remedied by the insertion ot 
induction coils into the circuit, and the illustration and dia- 
gram show the methotl of atlding such coils. The wires 
from the\arious sections of the cabh' are connected with 
brass {(kites {(laced on ;i long wo<(den stri{), and by means of 
{(lugs and binding {(osts the circuit can be regulated. At 
the ga{) between any two successive sections of the cable a 
C((il or C((ils C((nfaining inductance can be added, and by 
merely inserting a {dug can be cut out of the circuit. Using 
a small alternator, and circuits with suitable inductance and 
ca{^acity, to inpu'ess a sinpde harmonic electnunotive force 
the waves were investigated. The alternat((r was .so con- 
structed as to give currents of different freipiencies and thus 
pr((duce the circuit waves of different length. Then with a 
slide contact, (j. and galvaiKuneter, II, arranged as shown 
at 6, Fig. 245. it was {(((ssible to ascertain the condition of the 
current at any {)((int along the line. In this way (d)serya- 
tions were made and curves {dotted showing the max- 
imum and minimum amount of current and. the length of 
the wave {lassing along the conductor. Such a curve is 
shown at 7, the numbers along the horizontal line in the 
middle re{^resenting the distance from the middle {joint of 
the cable, and the dots the currents at various distances 
from this {joint. 

Connecting these {joints we have a close a{j{jroximation 
to an attenuated sine curve as required by the mathemat- 
ical the((ry. In this case the wave length is 17 miles and 
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P^^'ri'xls per second. Contrast this with 
t K o <»\\ illust I ation, \vh(.*re the inductance is not pro- 
pel \ pl.ii(d ill i|j(. circuit, and tlie result shows a remark- 
.ihle altenuation niid rellexion of the waves. Leaving the 
< x.ict mat licnial ical considerations out oi question, it mav 
be; stated if the induction coils are jdaced at intervals about 
one-sixteenth of the wave length the non-uniform c<inductor 
will be like a uniform conductor to within two-thirds of 
one per ci nl. If this is d(jne the attenuation is made very 
small, comparatively speaking, and the electrical cnergv is 
tiansrnitted with but slight dissi]>ation. A numerical 
example will illustrate this more clearly. If the cable is 
employed with the inductance colls placed properly, then 
two and one-half per cent, of the current generated at the 
transmitting ei\d reaches the receiving end of the cable. But 
if the colls are cut out and the cable used in the ordinary 
way. then only one two hundred and fiftv thousandth part 
of the current sent in at the transmitting end reaches the 
receiving end. In other words, the insertion of the coils 
enables the cable to tran^mit 6,000 times as much current. 

'fhe first application of the results of this investigation 
has been to long-distance cable telcphonv ; the cable being 
emploved as before with the inductance coils at intervals 
of one mile, and at cither end of the line two sets of ordin- 
ary bdephouic instruments. Over this line of 250 miles of 
cable one can carry on a conversation distinctlv, the fact 
seeming fhe more remarkable when it is realized that about 
40 miles is the juesent limit for cable telephony, and that 
the longest cables in ihe New York subways are 15 miles 
in length. J'hese experiments from a purely scientific 
point of view demonstrate the feasibility of transatlantic 
tele])hony. 

It is, however, in regard to its applicability to tele- 
graphy, that its advantages for marine work must be espe- 
cially considered, where, as soon as the speed is increased, 
the attenuation of the waves occurs, and a limit is verv 
early set upon the rate of operation. With the attenuation 
taken care of by inductance coils added at specific distances 
along the cable, the current would be transmitted with 



55^> EXl’KRIMKXTAL SCIENCE— Al’l’ENniX. 

snuill loss to its dostiiuitioii, uiul not only would tin; ordi- 
nary speed of operation bo increased, but b,v the use of 
methods similar to those employed on land for raitid tele- 
i^raphv the efficiency woidd be made many times greater. 
The inductance coiils could be added to the conductor at 
certain distances and placed within the sheathing at small 
expense in comjiarison with the cost of the cable, and being 
made about one inch in diameter and six inche^^in length 
would create no particular difficulty either in the manufac- 
ture or in the laying of the cable. 

The earliest application of this method will doubtless be 
to aerial conductors to increase the jnesent linnit'^tof long- 
iiistance telephony now placed at St. Louis from New 
York. The inductance coils at slight cost can be attaclual 
to the encss arms of the pole.s, and instead of the heayy cop- 
per wires now recpiired. a smaller and less exj)ensiye con- 
ductor may be used. According to the theory and its 
ex{)erimental yeritication. there st-ems to be nothing to ])re- 
yent a yery wide increase in the limiting distance of 
modern telephony through the use of this method of con- 
structina: conductors, and trials in the field under actual 
conditions of seryice are anticipated with interest by tele- 
phone engineers. It is worthy of notice in connection with 
this discoyery that its entire deyelopment has been carried 
on along strictly scientific lines 1)\’ Prof. Piipin, to him 
being thie the conception ol the mathematical theory 
inyolyed, its experimental yeriheation. and, lastly, its ajijili- 
cation to. an imjxirt.int technical problem. 




